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IVTH  INTKRNATIONAL  SYMPOSIUM  ON  ATHEROSCLEROSIS,  TOKYO,  JAPAN 


Nicholas  T.  Werlhessen 


On  22  August  1 took  off  on  a trip  that  appeared  a potentially  pleasant  one  but  which  in 
tact  produced  symptoms  of  “jet  lag”  that  lasted  for  over  two  weeks.  Pan  Am’s  new  nonstop 
Might  from  New  York  to  Tokyo  required  13  hours,  at  the  end  of  which  one  is  13  hours 
ahead  of  his  normal  rhythm.  1 have  not  previously  seen  a group  of  seasoned  travelers  so  out 
of  kilter  at  an  international  meeting.  However,  the  session  realized  its  potentials  and  was 
worth  the  discomfort. 

At  the  last  meeting  in  Berlin,  the  Japanese  delegates  competed  with  the  Texans  for  the 
site  of  this  one.  Both  had  a strong  case.  The  Texans  spoke  of  the  bicentennial,  the  Japanese 
of  the  fact  that  they  were  developing  competence  in  the  field  and  the  session  would  prove 
beneficial  to  them.  They  were  emphatic  on  the  matter  of  adequacy  of  funds.  The  vote  was 
close  at  the  committee  meeting.  The  writer,  in  fact,  tipped  the  scales  in  favor  of  the  Japanese 
and  angered  his  Texas  colleagues.  Two  years  later  the  Texans  were  deligltted  when  they 
recognized  the  shortage  of  funds  that  would  have  embarrassed  them,  and  in  Tokyo  they 
thanked  me  for  my  prescience.  As  it  turned  out,  our  Japanese  hosts  outdid  themselves,  in 
spite  of  the  fact  that  they  too  had  to  function  in  a declining  economy. 

This  triennial  meeting  of  those  working  on  atherosclerosis  is  more  a symposium  than  a 
session  devoted  to  presentations  of  recent  research.  Such  papers  are  presented,  but  lectures 
by  chosen  leaders  in  a field  and  workshops  predominate  and  thus  everyone  is  exposed  to  a 
high  level  of  expertise.  There  were  a number  of  plenary  sessions,  of  which  I have  chosen  four 
for  this  report  as  having  primary  relevance  to  naval  medicine.  The  four  happen  to  be  the  first 
four  presented,  which  by  their  position  set  the  tone  of  the  session. 

Dr.  Colin  Schwartz  (Research  Division,  Cleveland  Clinic,  Cleveland,  Ohio)  gave  the  first 
lecture,  which  concerned  the  permeability  of  macromolecules  into  the  arterial  wall  and  the 
difference  in  permeability  in  various  parts  of  the  artery.  Schwartz  grossly  delineates  the 
different  areas  by  the  use  of  trypan  blue  (given  intravenously)  which  penetrates  very  specific- 
regions.  These  occur  in  the  aorta  at  the  orifice  of  the  afferent  arteries  or  at  sites  of  injury, 
and  are,  in  man  and  other  species  that  develop  the  lesion  spontaneously,  the  sites  of 
predilection  for  atherosclerosis.  The  distribution  is  the  same  in  animal  models  responding  to 
dietary  stress  or  specific  agents. 

The  es.sence  of  .Schwartz’s  conclusions  is  that  macromolecules  move  with  ease  through 
the  blood  vessel  wall.  They  do  so  the  fastest  in  the  blue-staining  atherosclerosis-prone  areas. 
As  to  the  “why”  of  this,  one  can  offer  several  explanations.  One  of  these  is  based  on  the 
fact  that  in  the  “blue  areas”  there  is  a higher  turnover  rate  of  endothelial  cells  than  in  the 
areas  that  do  not  stain  with  trypan  blue.  Those  who  are  devotees  of  the  “filtration 
hypothesis”  as  to  the  basic  cause  of  atherosclerosis  see  in  this  increased  penetration  rate  of 
the  large  lipoprotein  molecules  support  for  their  hypothesis.  Those  of  us  more  mechanisti- 
cally minded  perceive  the  .situation  as  one  in  which  the  underlying  cells  work  harder  and 
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iiccil  more  nutrition  to  do  their  joh;  the  higli  turnover  rate  of  the  endothelium  is  hut  another 
indication  of  tlie  mechanical  load  on  the  system. 

Fluid  dynamicists  hold  that  the  site  of  the  orifice  is  the  one  where  there  can  be  trouble 
from  their  point  of  view.  Thus  a physical  science  aids  either  view  as  to  the  difficulties  that 
are  pertinent  to  this  phase  of  the  system. 

Schwartz’s  presentation  set  the  stage  for  a lecture  by  Dr.  J.  F-.  Poole  (Pathology 
Department,  University  of  Oxford,  Fngland)  on  the  endothelium,  its  integrity,  and  how  that 
integrity  is  maintained.  Poole  described  experiments  in  which  the  endothelium  had  been 
damaged,  and  discussed  what  happened  afterwards  and  the  need  for  endothelial  integrity  to 
maintain  normal  arterial  function.  He  left  the  audience  with  the  impression  that  reconstitu- 
tion of  the  endothelium  is  a long-term  process.  This  I find  erroneous  unless  one  ailds  the 
qualification  that  the  rate  of  reconstitution  is  a function  of  (he  species  with  which  one  is 
working.  It  so  happens  that  this  is  a long-standing  point  of  argument  between  us.  We  are  two 
of  the  co-authors  of  two  papers  on  regeneration  of  the  pseudointima  in  baboons.  To  a third 
co-author,  the  late  Lord  Howard  Florey,  and  to  me,  it  was  extraordinarily  rapid  as  compareil 
to  the  rabbits  on  which  Florey  and  Poole  had  based  their  earlier  interpretations.  To  Poole 
the  situation  was  in  nowise  the  same. 

Naturally  I think  I am  right.  Poole  feels  that  he  is.  It  is  really  a matter  of  small  import 
except  insofar  as  human  therapy  of  arterial  failure  is  concerned.  If  one  takes  Poole’s 
viewpoint,  the  rabbit  data  indicate  that  surgical  intervention  will  not  be  of  great  permanent 
value.  Contrariwise,  a recognition  that  primates  behave  differently  from  rabbits  could 
encourage  specialists  in  vascular  surgery  to  use  primates  as  models  for  various  interventions 
not  yet  in  current  practice.  One  such  would  be  the  formation  of  “artificial  arteries’’  by 
subcutaneous  induction  of  a connective  matrix  surrounding  an  induced  lumen.  This  approach 
would  permit  the  surgeon  to  use  an  “artery”  for  a bypass  instead  of  a vein  as  is  commonly 
done  today.  A vascular  surgeon  and  former  ONR  contractor  in  Boston  tried  this  out  in  a 
baboon  after  working  with  poor  results  for  years  with  dogs.  He  reported  surprising  success, 
and  it  is  regretted  that  he  did  not  publish. 

Aside  from  the  implication  of  species  differences  in  endothelium  regrowth,  the 
combined  thrust  of  the  Schwartz  and  Poole  lectures  was  important  to  further  research  on 
atherosclerosis.  That  thrust  was  the  delineation  of  the  role  of  the  endothelium  in  maintaining 
arterial  integrity.  Schwartz,  showed  that  blood  constituents  can  pass  through  it;  but  he  also 
showed  that  such  movement  through  the  endothelium  was  a controlled  process.  Not  all 
constituents  of  the  plasma  are  permitted  comparable  rates  of  passage.  Poole’s  delineation  of 
the  ability  in  all  species  for  regeneration  of  arterial  endothelium,  thus  permitting  replacing 
injured,  lost,  or  dying  cells,  pointed  up  what  such  loss  meant  in  the  progressing  lesion. 
(Here,  too,  the  audience  of  specialists  did  not  need  to  be  reminded  of  a current  practice  in 
animal  experimentation,  viz.,  the  technique  of  “endothelium  stripping”  by  passing  an  inflated 
balloon  through  the  artery.  An  animal  so  prepared  will  develop  more  lesions  per  unit  time  in 
a dietary  stress  regimen  than  the  untreated  control.) 

In  summary  then,  one  can  say  that  it  is  now  clear  (a)  that  the  endothelium,  by 
regulating  the  rate  of  passage  of  plasma  constituents  to  the  subjacent  smooth  muscle  cells, 
plays  a significant  role  in  the  metabolism  of  the  arterial  wall;  (b)  that  to  maintain  that  role 
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the  eiulothclium  has  a significant  regeneration  capacity  continuously  functioning  to  keep  the 
arterial  surface  intact;  and  (c)  wlien  endothelial  cells  are  lost,  for  any  reason,  the  subjacent 
tissue  is  exposed  to  noxious  influences  to  a far  greater  extent  than  was  once  assumed  from 
the  histology  of  the  organ. 

Dr.  Wilbur  Thomas  (Department  of  Pathology,  Albany  Medical  College,  Albany,  New 
York)  gave  the  next  lecture.  In  it  he  reviewed  past  concepts  of  the  etiology  of  atherosclerosis 
and  tried  to  fit  them  into  an  historical  perspective.  The  Japanese  could  not  have  chosen  a 
better  person  at  this  particular  time.  Dr.  Thomas  was  trained  as  a pathologist.  He  is  younger 
than  I.  When  we  first  met  as  antagonists  at  meetings,  he  did  not  have  my  experience  in  the 
laboratory  discovering  that  theories  in  biology  have  very  short  lifetimes.  At  one  such  session 
after  we  had  presented  data  indicating  that  an  artery  had  some  control  over  what  happened 
to  it,  Thomas  presented  his  paper.  His  concluding  comment  was  in  effect,  “These  data  prove 
the  adequacey  and  accuracy  of  the  filtration  hypothesis  in  explaining  atherosclerosis.”  He 
also  glared  meaningfully  in  our  direction. 

Some  20  years  have  passed  since  then.  In  fact,  his  group  has  contributed  heavily  to  the 
concept  that  once  a lesion  has  truly  developed,  the  cells  in  that  lesion  have  a different 
“modus  vivendi”  than  the  cells  from  which  they  were  derived.  Thus  when  Benditt  came 
forward  with  the  concept  of  a monoclonal  origin  of  the  atherosclerotic  lesion,  Thomas  and 
liis  group  were  in  an  excellent  position  to  study  it.  This  they  have  done. 

In  his  lecture  Thomas  summed  up  the  current  status  of  their  studies.  Using  material 
from  women  with  the  appropriate  isozyme  genes  on  their  X chromosomes  they  have,  in  the 
writer’s  opinion,  come  forward  with  a more  appropriate  analysis  than  provided  by  Benditt. 
Tlieir  concept  is  as  follows: 

(a)  An  area  of  the  aorta  is  exposed  to  the  appropriate  insult. 

(b)  In  responding  to  that  insult  the  various  cells  increase  their  rate  of  mitosis. 

(c)  Along  with  that  change  of  rate  of  mitosis,  some  of  the  cells,  when  dividing,  produce 
daughters  with  a change  in  the  hereditary  code  or  a change  in  the  overall  interpretation  of 
the  code.  (Sort  of  a late  example  of  differentitation.) 

(d)  Within  this  population  of  altered  cells  there  is  also  a wide  difference  in  (1) 
competence  to  maintain  the  higher  rate  of  cell  division  and  (2)  the  number  of  divisions  the 
cell  line  can  undergo  before  cell  division  comes  to  its  obligatory  end. 

(e)  Thus,  given  an  old  enough  lesion,  it  is  to  be  expected  that,  within  the  limits  of 
today’s  ability  to  discern  isozymes,  an  old  lesion  would  appear  to  be  monoclonal  in  origin. 

The  writer  must  state  here  that  as  far  as  he  is  concerned  this  concept  better  explains 
Benditt’s,  Heptinstall’s,  and  the  Albany  group’s  data  than  any  currently  at  hand.  He  is  also 
pleased  to  record  that  this  time  Dr.  Thomas  did  not  conclude  his  lecture  with  the  forceful 
comment  he  made  20  years  ago.  Instead  he  showed  the  wisdom  he  had  gained  in  the  interim 
by  a mild  statement  implying  only  that  this  is  the  way  things  appeared  now,  and  it  would  be 
interesting  to  see  where  things  stood  three  years  from  now. 
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Tlic  next  speaker.  Dr.  I'Ispeth  Smitli  (Department  of  Cliemical  I’atliology,  University  of 
Altenleen,  Abertieen.  ScotlamD,  is  the  current  authority  on  tlie  subject  of  “What  is  in  a 
human  atlieroma  in  the  form  of  lipids,  proteins,  et  al.”  Until  the  “Little  Lindau”  conference 
held  in  lleiilelberg  three  years  ago  after  the  Berlin  meeting  ot  this  symposium,  she  had  never, 
in  any  of  her  papers,  stated  publicly  what  she  thought  her  data  meant.  On  that  occasion  she 
startled  the  pathologists  present  by  pointing  out  that  her  data  could  only  be  taken  to  mean 
that  the  “fatty  streak”  was  the  recovery  phase  of  a response  to  an  injury  and  that  it  was  not 
the  beginning  of  the  atheromatous  process.  Instead  she  pointed  to  the  “gelatinous  lesion”  as 
the  real  beginning  of  the  process.  After  the  meeting  a group  of  American  pathologists,  who 
until  that  time  had  paid  little  attention  to  a few  German  pathologists  who  had  defined  the 
gelatinous  form,  handed  together  to  study  the  point.  The  writer  has  not  yet  heard  of  any 
contradiction  to  Smith’s  conclusion. 

In  Tokyo  Dr.  Smith  did  it  again.  This  time  she  took  on  the  thesis  that  lipoproteins  were 
the  root  of  all  evil  in  atherosclerosis.  She  now  had  at  hand  a sufficient  number  of  aortae 
from  patients  who,  when  they  died,  had  the  following  conditions: 

(a)  Normal  lipoprotein  levels  and  a normal  blood  pressure. 

(b)  Normal  lipoproteins  and  hypertension. 

(c)  Hyperlipoproteinemia  and  hypertension. 

From  these  patients  she  had  obtained  normal  dorid\  tissue  close  by  a chosen  constant  level 
of  development  of  atherosclerotic  lesions.  In  the  following  table  she  gave  the  actual  con- 
centrations in  mpresentatives  of  the  three  groups  and  stated  that  they  were  median  values: 

“LIPOPROTFIN-BOUND”  CHOLHSTFROL  IN  NORMAL 
INTIMA  AND  FARLY  FIBROUS  LFSIONS 


Sirum 

Intimal  Lipoprotein  Cholesterol 

Subject 

Cholesterol 

Blood 

mg/ 100  mg  Dry  Tissue 

Sex  and  Age 

mg/ 100  ml 

Pressure 

Normal 

Lesion 

F.32y 

130 

o 

O 
— X 

1.3 

3.2 

M.61  y 

267 

130 

80 

3.8 

6.2 

M.49y 

332 

260  _ 220 
1 30  1 20 

6.4 

12.5 

Dr.  Smith  sagely  permitted  her  audience  to  have  time  to  read  the  table,  then  she  drew 
attention  to  the  fact  that  (a)  the  patient  with  both  problems  had  normal  tissue  containing 
lipids  at  a concentration  equal  to  that  of  the  lesions  patient  with  hyperlipidemia  alone;  (b) 
that  the  normal  tissue  of  the  patient  with  the  two  diseases  contained  more  lipitl  than  the 
lesion  tissue  of  the  patient  who  had  neither  problem;  and  finally  (c)  she  pointed  to  the 
obvious  extreme  range  of  lipid  concentration  in  normal  tissue.  Then  she  came  forth  with  the 
only  obvious  conclusion.  I believe  I can  quote  her  verbatim:  “It  follows  that  hyperlipopro- 
teinemia can  play,  at  most,  but  a secondary  role  in  the  etiology  of  atherosclerosis  ” 
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riuis,  as  Dr.  I'lionias  pointed  out  earlier,  as  the  data  aceunuilate  preconceptions  have  to 
he  altered.  However,  in  this  instance,  the  nonexpert  reader  of  this  report  who  happens  to 
have  a higli  cholesterol  or  other  lipid  should  not  take  comfort  from  Dr.  Smith’s  findinps.  The 
relationship  helween  the  prohahility  of  a myocardial  infarct  and  hyperlipidemia  of  any  sort 
still  stands.  It  has  heen  known  crudely  since  the  Metropolitan  Life  Insurance  Company  made 
its  study  on  the  relationship  of  obesity  and  shortening  of  life  expectancy  in  the  beginning  of 
the  20th  century.  The  only  thing  that  has  changed  is  the  manner  of  expression  (now  it  is  not 
pounds  overweight  but  blood  levels).  Thin  people  still  live  longer,  on  the  average,  than  fat 
people.  They  will  continue  to  do  so  even  if  the  level  of  lipids  in  an  obese  person’s  blood  is 
not  an  initiating  factor  in  the  atheromata  in  their  arteries.  There  are  a number  of  reasons  for 
this  that  are  not  germane  to  this  report. 

1 was  particularly  fortunate  on  this  visit  to  a country  whose  language  was  beyond  my 
linguistic  capabilities  to  have  two  colleagues  who  had  no  problems.  The  first  of  these  was  Dr. 
K.  T.  Lee,  formerly  a South  Korean;  the  second.  Dr.  II.  Imai,  formerly  a Japanese  and  at  the 
time  on  sabbatieal  leave  in  Tokyo.  Both  these  men  are  on  the  faculty  of  Albany  Medical 
College  and  collaborate  with  us  on  the  roles  of  the  oxidation  products  of  cholesterol  as  the 
source  of  the  atherogenicity  currently  generally  attributed  to  cholesterol. 

Dr.  Imai  was  working  at  the  Tokyo  Metropolitan  Institute  of  Gerontology.  Before  his 
departure  we  had  planneil  to  give  a paper  at  the  session  on  the  ability  of  25-hydroxy 
cholesterol  and  the  3,5,(i  trihydroxy  to  induce  lesions  in  the  pulmonary  artery  of  rabbits 
when  given  intravenously  in  a saline  suspeTision.  During  his  stay  in  Tokyo  these  studies  took 
an  unexpected  leap  ft)rward. 

The  prior  work  in  Albany  had  been  done  on  rabbits  of  the  New  Zealand  White  strain. 
Pathologists  who  had  seen  the  preparations  were  duly  impressed,  but  the  two  facts,  (a)  that 
the  agents  were  infected  intravenously  in  suspension  and  (b)  that  the  response  was  observable 
nnlv  in  the  pulmonary  arteries,  caused  a bit  of  eyebrow  elevation.  The  anatomical  rationale 
for  the  lifteci  eyebrows  is  as  follows; 

(1)  The  ear  vein  was  the  site  of  injection. 

(2)  F'rom  the  ear  via  the  jugular,  the  blood  enters  the  right  heart  and  is  pushed  through 
the  lungs  via  the  pulmonary  artery. 

(3)  The  lung  is  known  as  the  filtering  organ  for  the  blood. 

(4)  Thus,  one  could  expect  the  crystlas  of  the  agents  to  be  caught  up  by  the  lung  and 
the  local  dosage  to  be  far  greater  than  the  nominal  10  mg/kilo  that  had  been  administered. 

(5)  The  “traditional”  site  of  lesions  the  rabbit’s  aorta  when  fed  cholesterol -had  to  be 
examined  in  detail  by  electron  microscopy  to  see  any  effect  at  the  time  the  pulmonary  arteries 
were  seen  narrowed  on  gross  inspection. 

In  sum,  to  make  this  four-day  finding  palatable  to  others  in  the  field  who  spent  10  to 
lb  weeks  feeiling  rabbits  large  daily  doses  of  cholesterol,  there  had  to  be  evidence  of  aortal 
involvement. 
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Imai  is  a liarcl  worker  wlio  gets  a lot  tione.  Tims,  it  did  not  take  him  long  to  use  up  the 

New  Z.ealand  White  rahhits  available  in  the  laboratory.  In  order  to  keep  on  going,  he  did 

some  preliminary  studies  with  a strain  known  as  Japanese  White.  In  these  the  aortal  damage 
was  so  pronounced,  at  the  same  time  the  pulmonary  arteries  showed  the  expected  response, 
that  there  could  be  no  doubt  that  a great  deal  of  the  agent  hail  passed  through  the  lung. 

This  sort  of  species’  specificity  and  strain  differences  within  species  is  a well  known 
problem  in  modeling  biological  systems  and  in  bioassay.  In  fact,  some  say  it  is  a truism  that 

the  toughest  stage  of  research  on  a problem  is  matching  species  and  strain  of  animal  to  the 

problem  one  is  tackling. 

Imai  then  began  an  investigation  of  the  various  strains  of  rabbits  available  in  Japan.  He 
found  one  other  of  great  potential  v.ilue  to  atherosclerosis  research.  This  strain  develops 
hypercholesterolemia  spontaneously  and  shows  arterial  lesions  as  well.  To  both  Imai  and  me, 
this  strain  of  rabbit  (known  to  be  a mutant  from  the  parent  stock)  is  the  only  strain  that 
ticvelops  spontaneous  atherosclerosis. 

Thus,  in  a strong  sense  of  the  term,  this  strain  of  rabbit  is  similar  to  the  White  Carneau 
pigeon.  It,  too,  was  a mutation  derived  from  a pigeon  strain  that  did  not  develop  atheroma. 
When  the  two  strains  were  crossbred,  geneticists  were  able  to  show  that  the  tendency  to  develop 
lesions  was  based  on  several  genes  and  motlifiers  of  them. 

The  pigeon  model,  however,  is  not  as  good  a replio.ition  of  the  human  problem  as  is  the 
rabbit.  The  two  strains  of  pigeons  showed  iilentical  levels  of  clu)lesterol  and  other  lipids  in 
their  blood.  In  man,  as  indicated  above,  there  arc  all  sorts  of  blood  lipid  levels,  and  they  do 
have  an  effect  on  the  amount  of  fat  in  both  the  normal  and  lesion  portions  of  the  artery. 

Last,  but  not  least,  the  rabbit  is  a mammal.  Its  biochemistry  is  closer  to  the  primate’s 
type  and  it  is  a larger  animal.  Much  more  can  be  done  with  it  to  get  to  the  final  answer  than 
with  the  pigeon. 

At  the  moment  our  separate  institutions  are  seeking  special  cpiarters  for  shipments  of 
these  strains.  We  cannot  use  the  regular  animal  facilities  for  several  reasons.  Among  these  are 
disease  and  cost  of  maintenance.  Institutional  animal  (|uarters  are  riggeil  more  for  boarding 
than  breeding  and,  as  such,  must  meet  codes  set  up  for  animals  used  in  experiments. 

Our  problem  for  the  moment  is  much  more  that  of  a farmer:  maximum  production  at 
minimal  cost.  As  soon  as  we  get  it  solved,  we  will  import  the  breeding  stock  already 
promised  to  us. 

As  to  our  paper  with  the  new  data  on  the  Japanese  White  rabbits,  we  were  able  to 
answer  all  the  objections  before  they  were  raised.  Those  present  were  impressed,  and  we  are 
certain  that  the  needed  repetition  of  our  studies  will  be  done  soon.  The  title  of  the  paper 
was  “Arterial  Lesions  by  Oxidation  Products  of  Cholesterol.’’  The  authors  were  Dr.  Iliileshige 
Imai,  Albany  Medical  College,  Albany,  New  York;  Drs,  Albert  11.  Soloway  and  V. 
Subrantanyam,  Northeastern  University,  Boston,  Massachusetts;  Dr.  Nicholas  T.  Werthessen. 
Brown  University,  Providence,  Rhode  Island,  and  the  Office  of  Naval  Research,  Boston, 
Massachusetts. 
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I HK  ANOMALOUS  WINTKR  THUNOKRS  FORMS  OF 
THK  HOkURiKU  COAST 


Marx  Brook 


INTRODUCTION 

In  1974,  at  tlic  5tli  International  Conrerenee  on  Atmosplierie  Electricity,  T.  Takeuti  aiul 
M.  Nakano  of  Nagoya  University’s  Researcii  Institute  of  Atmospherics  reporteti  st  uiies  of 
winter  tluinderstorms  in  which  9 out  of  10  cloud-to-ground  liglitning  flashes  brought  positive 
charge  to  eartli.  This  report  produced  a host  of  comments  from  scientists  at  the  conference 
who,  in  general,  expressed  a healthy  skepticism  regarding  the  polarity  of  the  lightning  strokes 
reported.  In  “normal”  thunderstorms  (summer-time  occurrence  in  temperate  latitudes),  more 
tlian  90%  of  the  cloud-to-ground  discharges  lower  negative  charge  to  earth.  Positive  currents 
to  tall  buildings  and  towers,  such  as  the  Empire  State  Building,  have  been  observed  and 
reported,  but  sucli  discharges  to  open-terrain  are  exceedingly  rare.  This  writer  has  made 
measurements  of  literally  thousands  of  lightning  strokes  to  ground  and,  with  ikj  exceptions, 
all  strokes  observed  brought  negative  charge  to  earth.  So  it  was  with  great  interest  as  well  as 
skepticism  that  we  waited  for  additional  reports  from  Takeuti  and  Nakano. 

In  1975,  Takeuti  and  Nakano  reported  measurements  from  summer  thunderstorms  in 
the  vicinity  of  Fukui  in  which  most  strokes  to  ground  were  of  the  normal  type.  Thus,  the 
winter  thunderstorms  of  the  Uokuriku  Coast  were  oefinitely  “upside-down”  electrically!  At 
their  invitation  and  with  NSF  and  ONR  support,  we  joined  with  the  Nagoya  University 
investigators  to  study  in  finer  detail,  the  electrical  nature  of  the  “anomalous”  winter 
thunderstorms  of  the  Uokuriku  Coast. 

THE  HOKURIKU  STORMS 

The  Uokuriku  (meaning  north  land)  area  of  the  main  island  of  Japan  is  a short  stretch 
of  coast  line  bordering  the  Japan  Sea.  The  coast  runs  roughly  in  a SW  to  NE  direction  from 
Wakasa  Bay  to  the  tip  of  the  Noto  Peninsula.  In  the  winter  cold,  dry  air  flowing  SSW  from 
Siberia  picks  up  moisture  as  it  pas.ses  over  the  Sea  of  Japan.  A warm  current  from  Kyushu 
flowing  roughly  parallel  to  the  Uokuriku  coast  about  ()0-H0  km  from  the  shore  line,  provides 
a source  of  additional  instability  over  which  cumulus  clouds  fonn  and  intense  convection 
sometimes  ensues.  The  storms  grow  as  they  approach  the  land  dropping  about  300-400  mm 
of  snow  and  rain  during  each  of  the  months  of  December  and  January.  Despite  the  heavy 
precipitation,  the  storm  clouds  seldom  exceed  5 km  (16,000  ft)  in  height. 

The  heavy  snows  (e.g.,  45  cm  overnight)  are  usually  preceded  by  a small  storm,  i.e.. 
electrically  small,  producing  usually  only  one  or  two  lightning  flashes.  The  folklore  is 
intersting  on  this  point:  the  storm  is  called  Ippatsurai,  meaning  single  flash,  and  the  cloud  is 
called  Yukiokoshi,  or  “snow  caller”.  Obviously,  this  winter  thunderstorm  has  long  been 
recognized  as  the  precursor  of  the  very  heavy  snow  falls  for  which  the  Uokuriku  coast  is  so 
well  known. 


riK-  >torms  arc  conveniently  ilivljecl  into  two  types.  The  Ippatsurai,  or  single  flash 
storm  appears  to  lorm  via  a monsoon  type  air  How,  while  the  passing  ol  a cold  front  will 
iisiialK  result  in  a storm  wliicli  will  proiluce  from  10  to  30  (lashes  over  a period  of  about 
two  hours.  Detailed  statistical  data  can  he  found  in  Takeuti  and  Nakano  (1076a  ami 
lO^oh).* 

mi  1076  77  VVINTI  K RI  SI  ARCH  PROGRAM 

The  10"?6/77  program  ol  research  was  a joint  elTort  between  the  University  of  llokkaiiio 
Department  of  Geophysics,  under  Dr.  Choji  Magono,  the  Nagoya  University  group  under  Dr. 
Toshio  Takeuti.  and  tlie  New  Mexico  Tech  group  headed  by  the  writer.  The  Japan  part  of 
the  cooperative  program  was  headeil  by  Dr.  Magono,  whose  group  made  surface  ami  balloon 
measurements  of  electric  Helds,  electric  charge  on  snow  and  rain,  and  the  shape  and 
population  of  snow  crystals.  The  Nagoya  and  New  Mexico  groups  carried  out  a unified 
program  of  multi-station  electric  Held  and  ricld-change  measurements  for  the  study  of 
lightning  parameters  and  the  overall  electrical  properties  of  winter  clouds.  In  atidition,  a 5 cm 
wavelength  radar  was  operated  during  the  storms  to  provide  storm  location,  velocity, 
precipitation  intensity  estimates,  and  the  height  of  precipitation  echoes.  A railiosonde  tracker 
was  available  for  the  balloon  flights  to  receive  the  telemetered  data  which,  in  adilition  to  the 
electrical  parameters,  also  contained  atmospheric  pressure  information. 

In  this  report  we  shall  concentrate  on  detailing  the  multistation  electric  tiekl-change 
measurements  along  with  some  interpretations  ami  implications  of  the  results.  Because  this 
report  was  written  two  days  before  the  end  of  the  observational  period,  there  has  not  been 
enough  time  to  compare  the  balloon  measurements  with  the  surface  multi-station  measure- 
ments, nor  to  analyze  all  ol  the  Hashes  recorded. 

Till  MT  CTRK  MF  LIM  IIANTH  MI  ASURFIMFfNTS 

A spherically  shaped  charge.  ().  located  at  coordinates  x,y,z  where  z is  the  height  abo\e 
grouml.  ,ind  x ami  y are  the  projected  coorilinates  on  the  surface  plane,  will  produce  a 
vertical  electric  field  1-  at  a surface  location  (xj,  yj)  given  by 


F-,  = k 


|(x-xj)-  + (y-yi>-  + z-l  3/2 


• where 


k in  MKS  units  is  given  by  K = I (4;irol.  The  numerator  2()?  is  the  dipole  moment  of  the 
charge  0 and  its  image  -()  in  the  surface,  assuming  the  earth  is  a gootl  comiuctor  in  the 
electrostatic  sense. 


* An  (ivcrall  vi-ry  readable  aeemint  of  these  winter  storms  has  been  yiven  by  I . I.  1‘ieree,  1976,  Wiiilcr  Thuiulcntorms 
in  Ja/ian  A Hazard  to  Ai'ialimi,  Naval  Research  Reviews,  Vol.  XXIX.  No.  6,  p.  12. 
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When  a liiilitning  Hasli  to  ttroiitul  occurs,  wc  assume  that  some  fraction  (or  all)  of  tlie 
cliarite  is  effectively  neutralized,  and,  hy  superposition,  we  may  write  our  equation  in  the 
same  form,  i.e.,  a cliange  in  electric  field  Al'j  produced  by  a change  in  charge,,  AQ,  will  be 
measured  at  the  i ^''station  as 


Al'i  = k • 


2(.ig)z 

|(x-xi)2  + (y-yj)2  + i2j  3/2 


I'or  a grouiul  stroke,  the  charge  may  be  thought  of  as  “effectively  lowered”  to  earth  (or 
a charge  of  opposite  polarity,  -^Q,  raised  to  the  cloud). 

The  above  discussion,  though  brief,  illustrates  how  we  may  utilize  the  measurements  of 
Held  changes,  ..ilq,  at  a number  of  stations  to  infer  polarity,  magnitude,  and  locations  of 
charges  brought  to  earth  by  lightning  Hashes.  For  example,  since  a single  charge  and  its 
location  in  space  is  describable  by  the  four  variables  x,y,z,0.  it  is  in  prinicpal  possible  to 
determine  its  magnitude  and  position  by  independent  measurements  of  AH  made  at  four 
stations  simultaneously. 

INSTRUMI  NTATION 


a.  Sensors.  The  basic  instrument  used  in  the  lightning  field-change  measurements  is 
high-impedance,  electrometer  type  amplifier  known  as  a “slow”  antenna,  ft  consists  of  a flat 
plate  antenna  approximately  35  cm  in  diameter  which  is  connected  to  a charge  amplifier. 
The  antenna  and  circuit  are  shown  schematically  in  I'ig.  1.  A change  in  electric  field  AH, 

AO 


produces  a change  in  the  induced  charge,  AQ,  on  the  fiat  plate.  Thus,  AH 


where  eo 


eo  Aeff' 

is  the  permittivity  of  free  space,  and  Aeff  is  the  effective  area  of  the  plate.  Since  the  change  in 


output  voltage  AVq,  of  the  charge  amplifier  is  given  by  Avg 


C 


^ we  get  AVg 


AHcg  Aeff. 
C 


A “fast”  atitenna  is  essentially  the  same  instrument,  but  with  a time  constatit  of  about 
100  microseconds  instead  of  10  seconds.  The  fast  antenna  is  used  to  emphasize  the  rapid 
changes  in  electric  field  such  as  are  produced  by  lightning  discharges,  as  compared  to  the 
slow  anteii.ia  which  responds  faithfully  to  the  slow  as  well  as  the  fast  changes,  but  which,  as 
a consequence,  must  be  operated  at  lower  sensitivity  to  keep  them  within  the  dynamic  range 
of  the  amplifier. 


Also  operated  in  this  study  were  electric  tielil  meters  U)cated  at  three  of  the  four 
field-change  stations,  and  a video  camera  — tape  recorder  system  of  120“  azimuthal  coverage. 


b.  Recorders.  As  discussed  earlier,  the  Ippatsurai  storms  produce  as  few  as  one  lightning 
Hash  per  storm.  It  is  therefore  important  to  record  c-ren  event,  and  to  accomplish  this  we 
used  the  auto-reverse  tape  recorder.  This  recorder,  using  special  tape,  will  run  continuously 
for  as  long  as  5 days,  after  which  time  the  tape  must  be  replaced.  The  tape  is  run  at  3'4'7sec 
and  will  provide  a reel-to-reel  record  for  approximately  2 hours  in  each  direction.  After  the 
occurrence  of  a lightning  event  which  is  noted  at  the  main  station  in  Unoke,  there  is 
approximately  4 hours  of  recording  time  at  each  station  before  the  event  is  erased.  Despite 
the  heavy  snows  it  was  usually  possible  to  change  the  tapes  within  this  four  hour  period. 


STATION  LOCATIONS 


Data  wore  ohtaiiicil  from  a slow  anti  fast  antenna  located  in  the  Nagoya  University’s 
instrumentation  hus  at  IJnoke,  about  15  km  NNH  of  Kanazawa.  A high  and  a low  gain 
channel  for  each  instrument  retjuired  the  use  of  two  auto-reverse  stereo  recorders.  1 wo  other 
stations,  one  to  the  southeast  about  4 km  distant,  and  another  to  the  southwest  about  6 km 
distant,  were  outfitted  with  a slow  antenna  and  a single  high  and  low  gain  channel 
auto-reverse  recorder.  The  fourth  station  in  the  network  was  located  approximately  9 km 
southwest  of  Unoke,  near  the  city  of  Kanazawa.  Here  too,  we  recorded  a high  and  low  gain 
slow  antenna  channel. 

RESULTS 

We  can  indeed  assert,  with  Takeuti  and  Nakano,  that  the  llokuriku  storms  are  very 
different  from  the  usual  summer  thunderstorms,  not  only  in  the  polarity  of  the  charges 
brought  to  earth,  but  in  other  features  evident  in  the  fine  structure  of  the  electric 
tleld-clianges: 

a.  The  charge  lowered  to  earth  by  ground  strokes  is  positive  in  the  seven  out  of  eight 
flashes  analysed  to  date. 

b.  In  storm  A of  12/17/76,  three  ground  flashes  were  identified,  and  in  each  case,  the 
return  strokes  not  only  lowered  positive  charge,  but  were  followed  by  a long-continuing 
current.  The  magnitude  of  the  return  stroke  field-changes  was  less  than  about  57r  of  the 
field-change  produced  by  the  continuing  currents  which  followed. 

c.  In  storm  B of  12/18/76,  three  out  of  four  retu  n strokes  identified  lowered  positive 
charge  to  earth.  One  of  these  was  a single  stroke  Hash;  the  other  two  each  consisted  of  two 
return  strokes,  revealing  that  the  “anomalous”  lightning  also  occurs  in  multiple  stroke  Hashes. 

d.  The  time  interval  between  the  individual  strokes  of  a multiple  stroke  flash  is  more 
than  twice  as  long  as  is  found  in  “normal”  storms. 

e.  By  comparing  the  sign  and  magnitude  of  leader  fieUl-changes  from  each  of  the  four 
stations,  it  appears  probable  that  the  lightning  charge  is  often  located  in-cloud  at  a height 
considerably  lower  than  in  “normal”  storms. 

f.  In  qualitative  agreement  with  e above,  it  appears  that  the  maximum  surface  electric 
fields  beneath  the  winter  storms  is  higher  in  value  than  in  summer  thunderstorms.  Values  of 
electric  field  as  high  as  20,000  V/m  were  a common  occurrence  for  prolonged  perioils. 

g.  Although  the  number  of  lightning  Hashes  per  storm  is  small,  the  high  electric  fields  at 
the  surface  persist  for  a considerable  period  both  before  and  after  the  Hash.  Erom  this 
observation  we  infer  the  existence  of  iiigh  electric  fields  within  the  cloiuls  without  the 
occurrence  of  detectable  discharges. 


DISCUSSION 


The  multiple-station  measurements  have  revealed  many  intersting  and  new  aspects  of  the 
electrical  nature  of  these  winter  stotms.  A sipnincant  feature  to  he  noted  is  that  the  ()°  C or 
freezing  level  in  these  winter  storms  is  not  much  above  the  surface,  perhaps  only  200  - 500 
m in  height.  This  implies  that  the  cloud  is  essentially  all  at  a temperature  below  freezing.  The 
electrical  evidence  for  a low  lying  charge  then  implies  that  the  electric  charge  is  located  at  a 
temperature  of  about  -10’  C.  If  this  is  true,  then  we  have  one  point  of  agreement  with 
normal  clouds:  the  charges  appear  to  be  located  at  about  the  same  temperature  level. 
Remembering,  however,  that  in  one  case  the  charge  is  positive  and  in  the  other  negative,  we 
are  about  to  embark  on  a new  dilemma! 

Some  charge  separation  theories  which  rely  upon  precipitation  to  provide  gravitational 
sedimentation  have  re<)uired  the  heavier  particles  to  carry  the  negative  charge  downward.  The 
problem  is  obviously  now  more  difficult.  It  is  perhaps  wholly  premature  to  speculate  on  the 
nature  of  possible  charge  separation  mechanisms  in  these  clouds,  but  we  have  mentioned 
them  to  indicate  a partial  source  of  keen  interest  in  these  newly  “discovereil”  storms. 

It  is  now  somewhat  clearer  as  to  why  these  storms  pose  such  an  extreme  hazard  to 
aircraft.  Although  some  small  clicks  and  pops  of  static  can  be  heard  on  the  surface  during 
the  approach  of  a storm,  there  is  hardly  any  visible  or  severe  radio  noise  warning  of  the 
existence  of  strong  tlelils  within  the  clouds,  as  pointed  out  earlier  by  fierce  (1976).  But  a 
heretofore  unsuspected  adilitional  hazard  appears  to  be  present.  This  danger  involves  not  only 
the  triggering  of  a lightning  Hash  due  to  cloud  penetration  by  aircraft,  but  an  increased 
probability  of  triggenng  a stroke  of  the  long-continuing  current  variety.  Long-continuing 
currents  (Brook  et  al.,  1962)  generally  involve  much  larger  values  of  charge  than  do  ordinary 
return  strokes  and  have  been  shown  to  be.  because  of  the  large  charge  involved,  the  type  of 
stroke  which  is  primarily  responsible  for  starting  forest  fires.  The  large  fraction  of  strokes  to 
ground  of  the  continuing  current  variety,  and  the  long  duration  between  the  multiple  strokes 
in  a Hash  in  these  winter  storms  both  point  to  an  increased  hazard  in  the  event  of  a triggered 
stroke. 

We  have  only  begun  to  explore  the  details  of  these  anomalous  winter  storms. 
Unfortunately,  the  wind  velocities  and  the  wind  shear  is  so  large  that  ordinary  weather  radar 
scanning  rates  are  much  too  slow  to  explore  the  cloud  structure  in  detail.  Winds  observed  at 
cloud  height  often  exceed  60  knots.  Rather  than  trying  to  scan  a hemisphere  of  sky,  it  is 
pcrh.aps  better  to  fix  the  vertical  plane  scanned  by  the  radar  to  one  perpendicular  to  the 
cloud  motion,  allowing  the  clouds  to  move  through  the  plane  much  as  is  done  with  vertically 
pointing  radars.  The  need  to  observe  these  clouds  at  close  range  as  well  as  overhead  really 
rc’(|uires  the  use  of  a fast  scanning  radar  such  as  described  by  Brook  and  Krehbiel  (1975). 
.Such  a radar  is  unfortunately  not  presently  available  in  Japan. 
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Figure  I . Basic  Slow  Antenna  Circuit.  The  product  R C is  the  time  constant  and  is  fixed  at 
10  seconds.  The  sensitivity  is  controlled  by  the  choice  of  capacitor.  Input  imped- 
ance is  10l2  ohms. 
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I HK  RKSKARCH  INSTITUTK  OK  POKY  MKRS  AND  TKX TIKKS, 

YOKOHAMA 


K.  A.  kearsk‘> 


Tho  Ministry  ot  Intcrnutional  Trade  ami  Industry  (Mill)  is  an  agency  of  the  Japanese 
(iovernment  wliieh,  along  with  many  other  activities,  maintains  about  15  laboratories 
distributed  about  Japan.  One  ot  these  laboratories,  the  Keseareh  Institute  tor  Polymers  and 
Textiles  (KlI’T).  is  very  heavily  involveil  in  basic  and  applied  polymer  research.  RIPT  traces 
its  origins  back  to  the  Silk  Laboratory  established  in  1918,  thence  through  the  Textile 
Research  Institute  to  its  present  organization  in  I9b9.  The  emphasis  in  1969  was  shifted  to 
synthetic  polymers  ami  it  has  since  been  broailened  to  include  also  biopolymers,  systems 
engineering  ami  environmental  and  energy  problems  of  the  polymer  and  textile  industry. 

Rli’l  is  less  than  an  hour  out  of  Tokyo  and  an  easy  walk  from  the  Yokohama  central 
railroad  station.  Its  physical  plant  consists  of  several  buildings  on  a small  compound  in  the 
midille  ol  the  city,  but  in  the  near  future  it  is  scheiluleil  to  move  to  new  (juarters  at  Tsukuba 
Science  City,  along  with  many  other  national  laboratories. 

The  director  of  RIPT  is  Dr.  Mitsui)  Suzuki  and  the  ( hief  Research  I’lanner  is  Dr.  Masakai 
llasegawa.  The  staff  of  the  organization  consists  of  1.J5  jicople  of  whom  lO.T  are  engaged  in 
research  (as  opposed  to  administration);  about  2/3  of  these  are  Ph.D.  level.  The  total 
ojicrating  budget  is  just  under  one  billion  yen  (a  little  more  than  3 million  dollars)  of  which 
over  halt  goes  to  personnel  expenses.  Ol  the  research  expenses,  basic  research  at  28CT  is  a 
substantial  item  while  various  special  jirojects  and  applied  problems  consume  the  rest. 

Il.ichiro  Nakanishi  showeil  me  the  work  he  is  iloing  with  Dr.  llasegawa.  the  Chief 
Reseaich  Planner,  on  photo  polymerization  of  single  crystals.  They  have  identified  some 
loity  diolelin  compounds  which  polymerize  by  formation  of  a cyclobutane  ring  between 
! olellns  when  single  crystals  are  exposed  to  light.  The  most  active  ol  these,  2,5- 

I disty  r>  Ipyr.izme  (DSP),  will  achieve  molecul.ir  weights  in  this  way,  up  to  300.000  in  the 

^ right  circiimsl.iiices.  Mr.  Nakanishi  showed  me  a moving  picture  (in  real  time)  of  a DSI’ 

j crystal  exposed  to  light  from  a xenon  lamp  as  seen  through  ,i  polarizing  microscope. 

, Slrulions  ai'pe.ired  m ,i  mailer  ol  seconds  and  ,i  series  of  parallel  craeks  developed,  inereasing 

i III  number  until  the  crystal  looked  like  whalebone  or  perhaps  an  overused  toothbrush.  The 

I ir.icks  .ire  .ihgneii  along  the  polymer  chain  axis  in  the  crystal.  To  establish  the  meehamsm  of 

ithe  phenoiiienoii,  studies  ol  the  kinetics  were  made.  It  was  found  that  by  selecting  the  wave 

length  ol  the  irr.uli.ition,  the  reaction  can  be  done  m two  steps,  oligimerization  followed  by 
poly  merization.  .A  rigid  crystal  lattice  .it  a temperature  far  below  the  melting  point  was 
necessary  in  order  lor  the  polymerization  to  proceed  smoothly.  It  is  inferred  from  this  that 
the  poly meriz.ition  is  controlled  by  the  detailed  geometry  of  the  monomer  lattice,  ( rystal- 
lographic  studies  ol  the  details  ot  the  structures  showed  th.it  the  separation  between  double 
ImmiiIs  of  adiaceni  monomer  molecules  (3.94  compared  to  the  eyelobutane  bond  length  of 
about  1,55X)  makes  it  less  lavor.ible  for  a bond  to  form  there  than  for  a bond  between 
monomei  and  dimer.  In  a graphic  demonstration,  I was  shown  diagrams  of  the  projeetion  of 
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monomer  aiul  polymer  crystal  striietures  almost  exactly  superposeil  in  a plane  perpendicular 
to  the  chain  growth  axis,  demonstrating  that  little  it'  any  motion  of  the  center  of  gravity  of 
monomer  molecules  is  retjuired  in  the  polymeri/ation.  ^)f  course,  two  ilimensional  projections 
only  give  part  of  the  story  for  tliis  inherently  three  cimensional  jirocess  hut,  as  one  would 
expect,  most  of  the  symmetry  of  the  monomer  crystal  is  inherited  by  the  polymer  crystal. 
The  term  “four-center  type  crystalline  state  photopolymeri/ation"  is  used  by  this  laboratory 
and,  more  generally,  the  term  “topo-chemical”  reaction. 

But  what  was  most  surprising  to  me  was  Nakanishi's  demonstration  that  this  whole 
polymeri/ation  process  is,  in  a sense,  reversible.  As  1 uiulerstand  it,  starting  with  a DSP 
monomer  cr>'stal  and  irrailiating  it  with  progressively  higher  fre(|uency  light,  a progressively 
higher  molecular  weight  crystal  is  formed.  On  the  other  liand,  if  a high  molecular  weight 
polymer  crystal  is  heateil  slowly  up  to  .^0()°(',  the  molecular  weight  ilecreases  until  a 
monomeric  crystal  is  recovered.  The  inference  is  that  thermal  depolymerization  is  a 
polymer-lattice  controlled  back-reaction  of  the  monomer-lattice  controlleil  photo- 
polymerization.  bOr  instance,  liata  were  shown  me  on  two  polymer  crystals  of  chain  lengths, 
1670  X and  26.S  X respectively,  heated  anil  held  at  200°C.  The  higher  molecular  weight 
crystal  ijuickly  Inoke  down  to  a length  of  370  X and  then  remained  stable;  on  the  other 
hand,  the  low  molecular  weight  crystal  did  not  change.  The  existence  of  a maximum 
molecular  length  for  a given  temperature  has  also  been  demonstrated  for  solutions  of  this 
material.  It  is  related  to  the  rigid  rod-shaped  molecules  rather  than  to  any  crvstal  lattice 
effects. 

1 was  told  that  there  is  much  interest  in  these  solid  state  reactions  because  one  can  hope 
to  achieve  high  yields,  high  selectivity  and  very  regularly  structured  molecules  — even 
optically  active  molecules  might  be  producible  from  a chiral  crystal.  Mr.  Nakanishi  plans  to 
look  at  the  preparation  and  crystallography  for  other  solid  state  reactions. 

Dr.  Masao  Kato  of  the  Organic  Chemistry  Laboratory  was  doing  some  related  research 
synthesizing  organics.  Mis  most  successful  project  was  the  development  of  a new  photoresist 
polymer,  poly  (vinyl  ethyl  cinnamate)  or  PVliC  made  by  cationic  polymerization.  This 
material  is  claimed  to  be  a much  better  one  to  use  as  a photoresist  in  the  manufacture  of 
IC's  and  L.SI’s  than  the  currently  useil  poly  (vinyl  cinnamate)  or  azide-rubber  since  it  has 
better  photo  sensitivity,  resolution  and  mechanical  properties  than  PVC  and  better  chemical 
stability  and  inertness  to  oxygen  than  AR  (which  must  be  irradiated  in  oxygen  free 
atmosphere).  In  effect,  the  new  material  achieves  the  good  features  of  each  of  the  current 
photoresists  without  the  bad  features. 

All  these  materials  are  usually  used  with  added  materials,  called  sensitizers,  to  extend 
the  range  of  wavelengths  of  active  light.  To  eliminate  the  need  for  sensitizer.  Kato  has 
developed  another  new  polymer  derived  from  poly  (benzyl  methacrylate)  by  substitution  of 
up  to  3(L/  phenylmaleinide  groups.  This  material  showed  good  sensitivity  for  a broad  range 
of  the  visible  spectrum  (up  to  wave  lengths  of  over  400  nanometers,  whereas  unsensitized 
PVC  is  sensitive  only  up  to  about  300  nanometers).  Kato  tells  me  that  he  is  still  unsatisfied 
by  the  dark  reaction  rate  (the  reaction  rate  when  not  illuminated).  I have  no  doubt  he  will 
soon  find  a way  to  improve  it,  but  the  material  as  it  stands  is  already  under  consideration  for 
commercial  production.  In  another  somewhat  different  direction.  Kato  is  also  synthesizing 
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SL'lciiium-containiiit:  polymers  to  be  useti  as  reagent.  These  will  replace  low  molecular  wciglit 
selenium  compounds  and  will  eliminate  some  serious  problems  of  toxicity  and  odor. 

In  tlie  Biofunctional  Materials  Lalioratory,  Dr.  M.  Ilata,  who  works  with  Dr.  Keishiro 
Isuda.  sluiweil  me  his  collection  of  slime  mokls  culturcil  in  the  dark  at  20°C  on  wet. 
oatmcal-coatcil  paper,  fhe  attraction  of  slime  molds  is  that  they  very  ijuickly  grow  toward  or 
away  from  extremely  low  concentrations  of  certain  chemicals,  a behavior  calleil  chemotaxis. 
For  instance,  slime  molds  are  pro-glucose  but  anti-hydrochloric  acid.  Ilata  and  Tsuda  are 
investigating  the  role  of  cell  membranes  in  the  process  by  which  the  slime  molds  recognize 
chemicals.  Dr.  Ilata  showed  me  data  they  had  taken  with  several  salts  demonstrating  that,  tor 
each  salt,  there  is  a characteristic  concentration  below  which  the  slime  mold  cell  membrane 
potential  is  independent  of  concentration  and  above  which  the  potential  is  roughly 
proportional  to  the  logarithm  of  concentration.  Ihese  characteristic  concentrations  also 
correlate  with  the  chemotactic  behavior  of  the  slime  molds.  By  electrophoresis  of  droplets 
(100  micron  diameter)  of  slime  molds,  it  was  shown  that  the  surface  potential  of  the 
membrane  is  pro|iortional  to  the  zeta  potential.  Ilata  and  Tsuda  conclude  that  changes  in 
membrane  potential  are  essentially  a phenomenon  relating  to  conditions  at  the  cell  surface. 

Kenji  ITikuta  of  the  Materials  1 nginccring  Laboratory  is  studying  fiber-reinforced 
plastics  (F  RP).  lie  has  developed  molding  methods  which  combine  good  mixing  of  the  fibers 
and  resin  with  the  control  over  the  orientation  of  the  fibers.  Me  has  studied  the  effect  on  the 
mechanical  properties  of  polyethylene-glass  FRP  of  the  number  of  filaments  in  the  strands  of 
chopped  glass  fibers.  The  effects  on  tlexural  behavior  are  reasonably  well  explained  by  a 
modified  composite-beam  model.  With  low  pressure  molding  using  a new  method,  continu- 
ously molded  FRP  board  with  large  tlexural  strength  and  modulus  is  produced.  He  showed 
me  some  carbon-epoxy  composites  and  some  polyethylene-glass  and  polyester-glass  sheets, 
which  were  also  made  with  his  new  process.  They  were  clearer  and  showed  less  of  their 
fibrous  structure  than  conventionally  formed  FRP,  as  well  as  having  increased  strength, 
f-ukuta  is  also  working  on  the  the  use  of  three  ilimensionally  woven  reinforcing  structures  for 
FRP  such  as  those  originally  developed  for  the  construction  of  rockets,  nose  cones  and  radar 
domes.  He  showed  me  a hatulsome  and  structurally  strong  beam  of  such  a reinforced  plastic 
(with  beautiful  graineil  wood  veneer)  designed  to  eliminate  thermal  cracking.  Pipes,  tubes  and 
channels  were  also  formal  with  woven  reinforcing  structures.  Other  work  was  aimeil  at 
improving  urethane-glass  insulation  for  use  at  hijuid  helium  temperatures.  I also  saw  a 
syntactic  foam  otter  board  for  Japan's  vital  fishing  industry  as  well  as  a high  speed  aiiparatus 
capable  of  spinning  natural  fibers  at  a rate  of  200  meters  per  minute. 

Dr.  Tadao  Kataoka  of  the  Physical  C'hemistr>'  Laboratory  is  the  house  rheologist.  He 
works  with  disperse  systems,  frequently  glass  beads  or  glass  bubbles  in  polymer  melts.  He 
studies  mixing,  yield  stress,  normal  stresses  and  the  correlation  of  mechnical  properties  with 
filler  content.  He  has  developed  a very  successful  empirical  law  for  predicting  viscosity  of  a 
suspension  from  the  glass-bead  filler  content.  Kataoka  also  studies  transient  phenomena 
(stress  growth,  stress  relaxation,  etc.)  with  a cone  and  plate  rheogoniometer  and  convergent 
and  divergent  Hows  and  other  non-viscometric  Hows  with  equipment  o(  his  own  ilesign.  In  a 
device  for  studying  elongational  viscosity,  the  forces  are  measured  on  a jet  extruding  a 
j filament  simultaneously  being  wound  up  on  a rotating  drum.  Dr.  Kataoka  also  showed  me  an 

* extruder  working  on  the  principle  of  a Weissenberg  pump,  that  is,  the  extrusion  pressure  is 

I generated  by  the  normal  forces  of  shearing  between  a fixed  and  a rotating  plate.  I have  seen 
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other  extriulers  of  this  type.  Hryee  Maxwell  at  I’rinceton  has  ilevelopetl  one  for  instance,  Init 
the  particular  virtue  in  this  case  is  that  the  device  can  be  used  simultaneously  to  mix  filler  or 
fibers  with  the  resin  anil  to  extrude.  As  an  example,  I was  shown  some  polyethylene  loaded 
with  carbon  fibers  which  had  been  mixed  and  extruded  liy  this  machine.  In  this  particuair 
case,  the  high  rate  of  shearint:  had  reduced  the  .^mm  fibers  at  input  to  0.5  mm  fibers  in  the 
extrudate.  llom  much  effect  this  h.id  on  the  mechanical  properties  was  not  shown,  since 
dat.i  on  the  mech.inical  properties  of  this  material  had  not  yet  been  taken. 

It  is  a current  dream  of  polymer  scientists  to  find  a way  to  produce  super-stronp 
polymers  by  inducing  an  almost  perfect  degree  of  molecular  alignment.  If  this  were  achieved 
one  would  expect  that  deformation  of  the  matenal  would  proceed  by  altering  stiff  bond 
angles  or  separating  chemical  bonds  rather  than  by  free  rotation  of  bonds  and  unfolding  of 
flexible  chains,  as  is  thought  to  be  the  ultimate  source  of  deformation  for  common  plastics. 
Recently,  considerable  progress  has  been  made  toward  achieving,  this  dream  by  both  chemical 
and  physical  means.  Rigid  polymer  chains  which  naturally  tehd  to  crystalli7e  in  this  way 
have  been  synthesi/ed.  Rolynier  whisker-crystals  have  been  observed  which  have  properties 
very  similar  to  metal  whiskers  and  show  a high  degree  ot'  alignment  of  the  polymer 
molecules.  Iligli-iiressure  extrusion  has  produced  polyethylene  fibers  at  least  two  and  a half 
times  stronger  than  soft-steel  wire.  Roger  Porter  of  the  University  of  Massachusetts  once 
suggested  to  me  that  there  is  the  potential  for  increasing  thisjby  another  factor  of  five  or 
more  if  all  the  molecules  could  somehow  be  [lerfectly  lined  ijp  and  properly  packed.  Not 
surprisingly,  at  Rlin  there  is  interest  in  these  ideas  also  and  several  active  programs  relating 
to  these  problems  have  been  going  on. 

Dr.  llisaaki  Kanetsuna  of  the  Polymer  I’hysics  laboratory  is  well  known  for  his 
extensive  studies  of  the  crv'stalli/ation  of  polymers  and  his  work  on  high  pressure  extrusion 
of  polymers.  He  and  his  colleagues  have  been  interested  in  1!  (’  (extended-chain  crystals  as 
vipposed  to  the  more  usual  folded-chain  crystals).  Kanetsuna  ,'^nd  coll^a>'ues  have  made  an 
extremely  thorough  study  of  the  crystalli/ation  of  polyethylem*  at  high  pressures.  Ihey  find 
that  above  a pressure  ol  about  2 or  3 thousand  kilograms  per  sipiare  centimeter,  there  is  a 
narrow  temperature  range  in  which  I'liC  are  formed  and  at  higher  pressures,  this  temperature 
lange  increases.  On  the  other  hand,  annealing  of  folded  chain  crystals  at  high  pressures  (5300 
kg  cni“ ) produced  thickening  of  the  lamellae  but  little  or  no  .An  extensive  and 

continuing  study  of  the  crystalli/ation  processes  in  polyethylene  at  high  pressures  has  been 
conducted  over  the  last  few  years  using  dilatonietry,  fractionated  samples  to  study  molecular 
weight  effects,  (iPC,  DSC,  and  electron  microscopy. 

Dr.  Kanetsuna’s  laboratory  is  also  engaged  in  a detailed  study  of  high-pressure  extrusion 
of  polymers.  They  have  examined  a variety  of  polymers  including  polyoxymethylene, 
polypropylene  and  lluorocarbons.  but  the  most  exhaustive  studies  have  been  those  on  high 
density  (>olyethylene.  A commercial  grade  with  viscosity-average  molecular  weight  of  about 
H.5  X 10“^  and  a melt  index  of  0.25  is  used.  Two  extrusion  systems  are  available  for  these 
studies,  a hydrostatic  arrangement  in  which  the  extrudate  emerges  at  atmospheric  pressure 
(capable  of  reserv'oir  pressures  up  to  six  kilobars)  and  a fluid-tivnuid  extruder  in  which  the 
material  is  deformed  between  two  pressurized  reservoirs  (high  pressure  up  to  ten  kilobars, 
low  pressure  up  to  five  kilobars).  Roth  extruders  can  be  operated  at  temperatures  up  to 
2(K)°C. 
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In  an  early  stiuly,  the  critieal  etleets  ol  the  c<Mie-angle  ol  the  extrusion  die  were 
ehicidateil.  When  larjie  eone-aneles  were  used,  irreeular  extrusion  was  observed  rangiii};  from 
badly  craeked  extrudate  to  slight  periodic  fluctuations  in  iliameter  along  the  length  of  the 
extruded  cylinder.  Hits  was  presumably  a result  of  so-called  “stick-slip”  or  "melt-fracture” 
behavior,  much  studied  by  commercial  research  laboratories.  With  low  cone-angles  a 
remarkable,  highly  orienteil  extrudate  with  a ver\  smooth  surface  resulted.  Studies  were 
maile  with  extrusion  ratio  ranging  from  .10  to  0 the  extrusion  ratio  is  dcfinetl  as  the  ratio 
of  cross-sectional  area  of  the  material  before  and  .dter  extrusion.  At  high  extrusion  ratios 
(above  about  (il  the  extrudeil  material  was  almost  glass  cleat  rather  than  the  paraltin 
white  of  normal  polyethylene.  It  had  a very  high  moilulus  in  the  axial  ilirection  anil  a 
surprising  fibrous  nature.  Roger  Porter  and  his  colleagues  at  the  University  of  Massachusetts 
also  have  a research  program  on  this  unusual  material  and  it  is  at  his  suggestion  that  I visited 
R1P1.  Dr.  Kanetsuna  and  Ka/uo  Nakayama  are  engaged  in  a detailed  study  of  the 
morphology  of  these  materials.  They  have  used  wide-angle  and  small-angle  X-ray  diffraction, 
density  measurements,  thermal  contraction,  and  birefringence  measurements  to  establish  the 
processes  of  molecular  orientation  and  the  deformation  of  the  origin.il  lamellae.  They 
conclude  that  the  transparency  and  anisotropy  of  the  extruded  polyethylene  can  be 
accounted  for  through  the  typical  fiber  structures  and  that,  particularly  for  extrudate  from 
high  extrusion  ratios,  the  material  consists  of  highly  oriented  crystallites  mixed  with 
interfibrillar  amor|ihous  (but  oriented)  material  in  bundles.  A concommitant  result  is  that  the 
Vickers  hardness  number  increases  and  the  therinal  shrinkage  decreases  with  extrusion  ratio 
at  high  extrusion  ratios  (greater  than  about  6).  Kanetsuna  points  out  that,  by  conventional 
reasoning,  the  liigher  the  orienfation  of  aitiorp/ious  niutcriul.  (he  greater  t)ie  thermal 
shrink.ige.  Iliat  the  reverse  occurs  in  this  case,  he  attributes  to  the  fact  th.it  the  fibrillar 
structure  is  loaded  with  a large  fraction  of  highly  oriented  crystallites  which  inhibit  the 
recovery  of  the  fiber.  The  Vickers  hardness  test  produced  data  very  sensitive  to  the  extrusion 
conditions  but  the  anisotropy  of  the  material  and  the  small  di.imeter  of  the  extrudate  (on 
the  order  of  2mm)  maile  the  measurement  difficult.  Plans  are  to  examine  extrudates  of  larger 
diameter  in  more  detail  in  the  future. 

There  was  much  work  at  RIRI  that  1 had  no  chance  to  investigate  in  my  short  visit. 
Considerable  work  on  biopolymers  is  under  way.  for  instance:  synthesis  of  peptides  .nut 
proteins,  radioisotope  studies  of  biopolymer  activity,  studies  of  the  structure  of  water  ne.ir 
polar  membranes,  tests  of  medical  imiilant  materials  and  studies  of  biomechanisms  and 
systems,  particularly  bioniembranes  and  simulated  membranes.  In  organic  chemistry  there  is 
work  on  permanently  stabilized  polymers,  steriospecific  polymerization,  living  polymerization 
and  block  copolymers,  and  radiation  chemistry.  There  is  active  work  on  characterization  of 
polymers,  NMR,  CPC,  DSC  and  work  on  developing  degradable  plastics,  the  use  of  polymers 
as  sensitive  metal  ion  indicators  and  the  testing  and  standardization  of  polymers  particularly 
witii  respect  to  (lammability  and  durability.  Dyeing  of  textiles  is  also  of  interest  .mil  an 
ingenious  device  for  color  measurement  utilizing  an  acousto-optical  filter  was  mentioned  to 
me.  A systems  engitieering  group  applies  modelling  and  computers  to  the  problems  of  the 
polymer  and  textile  industries. 

riie  Bulletin  of  the  Research  Institute  for  Polymers  and  lextiles  is  published  quarterly. 
Unfortunately,  it  is  in  Japanese,  but  a synopsis  is  given  in  I nglish  for  each  article  and 
captions  of  figures  and  tables  are  also  in  I nglisli.  With  these  aids  an  l iiglish  reading  specialist 
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can  pretty  nuich  get  tlie  ilrift  of  an  article  in  liis  own  field.  Number  I 10,  the  second  issue  of 
I ‘>76.  is  almost  entirely  devoted  to  the  work  of  Kanetsuna’s  laboratory  on  pressure 
crystallization  and  on  high-pressure  extrusion. 


ISUKtBA,  A NKW  TOWN,  A NKW  UNIVKRSH  Y 


K.  A.  kearsiey 


Some  (lO  kik)mcters  northeast  of  the  tleshpots  of  fokyo's  (linza,  in  the  shadow  of  a 
small  montaiti,  lies  a diamond-shaped  plain  whieh,  at  some  time  in  the  geological  past,  was 
overlaid  with  several  feet  of  gummy  clay.  It  is  this  coating  of  clay  which  made  the  plain  of 
only  marginal  agricultural  value  so  that  it  remained,  even  in  land-starved  Japan,  pretty  much 
a wiUlerness  with  only  a few  villages  and  little  farming.  When,  in  the  early  l‘)60’s.  a 
commission  was  charged  with  seeking  means  to  ilisperse  po|mlation  and  activities  from  an 
overcrowded  and  growing  metropolitan  Tokyo,  Tsukuha  was  available,  a natural  site  for 
locating  a proposed  new  town  dedicateil  to  science,  research  and  education.  It  was  to  he  a 
model  of  new  town  planning,  a government  city  designated  for  national  research  laboratories 
and  for  a new  university.  By  act  of  the  Japanese  Diet,  the  plan  was  approved  and 
construction  began  in  D)72.  I'rom  tb.e  start,  this  was  no  half-measure.  The  projected  cost  of 
the  project  was  ecpiivalent  to  some  three  billion  dollars  and  a community  numbering  some 
200,000  was  envisioned,  incliuling  scientists,  teachers,  students  anil  an  array  of  support 
personnel  along  with  the  necessary  houses,  businesses,  cultural  and  entertainment  centers  to 
serve  the  community. 

The  official  name  of  this  new  comjde.x  is  rendered  in  linglish  as  Tsukuha  New  Town  for 
Research  and  I’ducation  or,  sometimes,  as  Tsukuha  Academic  C ity  but  in  common  parlance 
Tsukuha  will  do.  The  name  is  an  ancient  one  attached  to  the  nearby  mountain.  Tsukuha  has 
been  assigned  an  area  of  2,700  hectares,  somewhat  less  than  7,000  acres,  and  it  will 
eventually  house  43  research  and  education  institutions.  The  core  institution  is  the  new 
University  of  Tsukuha,  now  about  half  built  and  already  in  operation.  It  occupies  245 
hectares  (about  600  acres)  of  the  new  town.  By  Japanese  standards  such  a campus  verges  on 
the  prodigal.  The  buildings  and  landscaping  reveal  the  imaginative  architecture  and  careful 
planning  that  have  been  lavished  on  the  design.  By  all  odds  it  is  the  largest  and  plushest 
university  campus  in  Japan. 

The  physical  plant,  however,  is  by  no  means  the  most  unusual  feature  of  the  university. 
FTrr  one  thing,  there  are  no  conventional  academic  departments  in  the  university.  Instead 
there  are  academic  “clusters”  into  which  the  university  is  physically  divided,  in  some  ways 
like  the  arrangements  at  Santa  ( ruz  or  l.a  Jolla  in  California.  Cluster  one  houses  the  College 
of  Humanities,  the  College  of  Physical  Sciences  and  the  College  of  Social  Sciences.  Cluster 
two  contains  the  College  of  Agrietdture  and  F-'orestry,  the  College  of  Biological  Sciences,  the 
College  of  Comparative  ( iilture  and  the  College  of  Muman  Sciences.  Cluster  three  will  consist 
of  the  Colleges  of  Basic  Technology,  Informational  .Sciences  and  Social  Fingineering  (the 
latter  college  will  deal  with  such  disciplines  as  city  planning  and  economics  atul  not  what  the 
more  paranoid  reader  may  have  inferred  from  the  name).  The  School  of  I'ine  Arts,  School  of 
Medicine  and  School  of  I’hysical  l-Alucation  each  constitutes  a cluster  in  itself.  Core  libraries 
service  each  cluster,  presumably  each  stocked  and  staffed  to  meet  the  needs  of  specialized 
subject  matter  |)articular  to  the  cluster.  However,  there  is  no  ordained  faculty  for  each 
cluster  instead  there  are  26  Research  Institutes  with  specialities  ranging  from  Agricultural 
Fingineering  to  Structural  Technology.  F'hese  research  institutes  supply  the  teaching  staff  for 
the  colleges  as  the  need  arises.  In  my  notes  on  the  visit.  1 remark  that  the  professors 
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soiiK'lmu's  l.ii'soil  into  the  term  “depiirtment"  tlespite  an  obvious  eirorl  to  use  the  new 
Ierminoloe\ , but  perliaps  this  was  only  a translation  problem. 

I he  whole  ulea  is  tlexibility.  I he  small  elusters  are  intendeil  to  respond  to  student 
needs  with  less  inertia  than  could  a conventional,  large  university.  On  the  other  hand,  the 
separation  ('t  research  timction  from  instruction  function  is  aimed  at  avoiding  compartrnen- 
lali/.ition  and  at  allowing  a flexible  response  to  multiple  social  needs.  (“Social  needs”  is  a 
term  much  used  in  the  planning  documents  for  rsukuba  University.)  fhe  research  institutes 
.ire  conceived  as  projeci-orienteil  aiul  are  set  up  to  encourage  ami  proviile  opportimitites  and 
l.icililies  for  mterdisciplinarx  rcse.irch.  1 or  instance,  it  is  possible  for  a professor  to  have  joint 
appointments  .it  more  than  one  Research  Institute  where  his  particular  talents  and  exi'erlise 
are  needed  and  .it  the  same  time  to  teach  courses  at  several  different  clusters.  1 urthermore. 
the  (irailu.ite  Sclu'ol  is  also  a separate  entity  with  its  own  initi.itive  ami  programs.  .\  number 
of  twd-year  Master's  Degree  Programs  are  offered,  including  .Applied  Science.  Meilical’Science 
and  Integrated  rechnology,  but  many  more  five-year  Doctor's  Degree  Programs  covering  all 
the  trailitional  disciplines  are  available.  One  strangely  named  doctoral  program  (ami  ,i 
Research  Institute)  is  deilicated  to  “Defectology"  which  is  not  a branch  of  solid-state  physics 
or  crystallography  but  the  official  translation  of  a .lapanese  term  for  the  study  of 
psychology,  sociology  and  social  therapy  of  the  physically  and  mentalh'  hamlicapiied. 

I he  design  ol  the  administration  of  Tsukiiba  University  is  also  most  innovative  by  .lapanese 
standards.  .As  opposed  to  the  usii.il  system  of  government  by  faculty  meetings  and  a universitx 
■Senate  with  veto  power,  in  the  new  scheme,  there  is  a Senate  composed  of  a senator  tfom  each 
college  .md  from  each  research  institute  and.  insteatl  of  a single  presiilent's  office,  there  are  five 
chancellors  who  serve  in  the  areas  of  acaiiemic  affairs,  research,  student  alfairs.  medical  services 
and  gener.il  affairs,  respectively,  f.ach  chancellor  has  considerable  power  and.  in  principle,  this 
system  removes  vital  tiecisions  Irom  the  slow  grimling  of  traditional  taculty  meeting  mills.  One 
prolessor  pointed  out  to  me  however  that,  in  practice,  most  importatit  decisions  hitige  ulti- 
inateK  on  the  w hims  of  the  Ministers  of  l.ducation  and  of  I inanee  which  cast  deciding  votes  by 
controlling  the  ilisti ibution  of  money.  To  iuilge  by  surface  appearanees.  they  have  been  quite 
generous  to  date. 

I.ip.m  as  .1  n.ition  ilecided  some  years  ago  to  enter  the  international  market  for  computers 
,iml  computer  systems.  > (tivernment  siibsiilies  have  been  granted  Japanese  cotnpanies  to  develop 
i. .'tnpetit ive  computers.  ,\n  Inter-University  Computer  Cetiter  was  started  in  I ’)()4  at  the  Lhiiver 
sity  ol  Tokyo:  it  was  later  expamled  to  six  centers  at  each  of  the  "imperial"  universities  .md 
ultimately,  all  other  govermnent  imiversities  were  linked  to  these  cetiters  through  private  lines. 
List  year,  an  experimental  line  was  installed  between  Tokyo  and  Kyoto  cotnputer  centers  (with 
.1  tr.msmission  rate  of  4X, ()()()  bps)  as  .i  step  m forming  a nationwide  integrated  system.  l or 
private  universities  the  Ministry  of  I liucation.  Science  and  Culture  subsidizes  two  thirds  of 
the  purchase  price  of  computers.  Not  surprisingly,  at  Tsukuba,  the  newest  .md  most 
innovative  of  the  national  universities,  computers  have  been  emphasized  from  the  planning 
stage.  The  “Tsukuba  Integrated  Campus  Informtition  I’rocessing  and  Storing  Svstem” 
( I ICII’S)  is  a system  built  around  a central,  large-scale  computer  and  front-end  processors  for 
data  and  preprocessing.  It  is  organized  to  integrate  all  university  cominiler  uses  into  an 
on-line  system,  with  the  ultimate  rim  that  anyone  can  use  the  computer  at  .iin  time  and 
from  any  place  on  campus.  .At  present,  eight  remote  job-entry  terminals,  forty-nine  cathode 
ray  tube  terminals  and  ten  teletype  terminals  are  scattered  about  the  campus,  lo  h.mdie  the 
traffic,  the  central  processing  unit,  input-output  multiplexor  and  front-eiul  processor  .ire  each 
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itiKil.  Specially  dosijnK'il  diannol  liiulcrs  interface  the  communication  lines  with  the  front-eiul 
processors.  On  commaiul,  they  locate  a vacant  channel,  connect  up  with  the  front-end 
processor  and,  after  loe-in,  they  automatically  disconnect  10  minutes  after  a retpiest  for 
input  if  there  is  no  answer.  riCIPS  was  developed  hy  four  inofessors  ami  the  professional 
staff  of  Tsukuha  ami  it  is.  of  course,  constantly  beitifi  improved,  lo  make  these  facilities 
accessible  to  the  stmlents.  one  of  the  two  courses  required  of  each  enterinj:  freshman, 
regardless  of  his  field  of  study,  is  “Introduction  to  Information  Sciences."  ('fhe  enher  and. 
undoubtedly,  nume  difficult  rei|uireil  course  is  Japanese  Composition.)  The  course  is  one 
term  long  and  eonsists  cd'  a lecture,  an  exercise  and  a laboratory  session  each  week.  A special 
installation,  consisting  of  three  minicomputers  with  common  files  ami  time-sharing  system 
ami  21  terminals  all  tied  into  IICII’S,  is  used.  Marked-caril  inputs  are  used  to  avoid  the  need 
for  card  punch  training  which  was  foumi  to  take  a good  deal  of  time  for  non-typewriting 
students.  The  terminals  are  fitted  with  audio  output,  cathode  ray  tube,  interacting  pencil, 
teletype  and  facilities  for  hamlling  oral  langu.ige,  diagrams,  maps  anti  Chinese  characters  or 
other  writing  ami  typing.  I'he  tlay  I visitetl  the  Cyrillic  alphabet  was  set  up  on  the  teletype. 
The  problem  of  handling  the  kanii  ami  kana  (the  Chinese  characters  ami  Japanese  syllabaries) 
of  written  Japanese  has  inhibiteil  the  use  of  computer-aitled  instruction  in  Japan.  By  using 
character  pattern  generators  anti  rantlom  access  slitle  projecttir  inputs  ami  autlio  inputs,  such 
tlifliculties  are  being  overcome  at  'fsiikuba.  Teaching  t>f  metlical  stmlents  figures  particularly 
prtmiinently  in  the  immetlia'e  plans.  Ditignosis  of  he;irt  ctiiitlitions  by  using  a heart  beat 
simuhittir  to  generate  the  mtlivitlual  muses  of  normal  heart  valve  operation  one  ;it  a time  will 
be  taught.  After  these  are  ma^teretl.  the  computer  will  synthesize  them  into  the  stnmtl  t)f 
mirtnal  hetirl  beats  and  then  compare  them  to  the  sound  of  abnormal  heart  beats.  Similar 
training  in  reading  \-ray  films  uses  ramlom  access  pictures,  the  pointing  )um  and  explanations 
through  the  keyboard. 

Kesearch  and  development  continues  on  this  com|niter  system:  a large  ilata  base  and 
inlormation  retrieval  system  is  being  developed  with  the  cooperation  of  Idshiba  Corporation; 
administration,  library  and  hosjiital  system  are  in  design;  input,  edit  ami  hard  copy  output 
s\ stems  ciipable  of  h.imlling  kanji.  kana.  alphaniimerics,  etc,,  in  random  combinations  .ire 
well  on  the  wa\ . .1  J.ipanese  language  data  base  containing  information  on  the  Science 
Kesearch  l iiml  contr.icts  and  euntractees  (Japan's  NSi  ) is  in  imicess.  I'ltimately.  the 
successful  cimiputer  innovations  at  fsukuba  are  to  be  extemleil  to  other  universities. 

A recurrent  theme  at  Tsukuba  is  that  of  international  ami  interuniversity  cooperation 
and  exchange.  Much  attention  i>  indeed  given  to  language  and  area  training.  ITirthermore. 
correspo-  'eiice  has  been  initiated  by  universities  in  twelve  different  countries  on  the 
possibilities  of  cooperation,  student  and  faculty  exchange  and  the  like.  Many  ol  these  feelers 
come  Irom  Southeast  Asia  (from  the  United  States,  some  15  universities  were  mentioned). 
All  ol  these  initiatives  have  been  from  abroad  because  the  Ministry  has  done  little,  so  far,  to 
iiiance  overseas  oMiperative  programs.  Still,  the  insularity  of  the  Japanese  universitv  system 
is  certainly  not  a neglected  topic  in  Japan  and  some  attempt  to  improve  the  situation  c.in 
certainly  be  expected  at  this  newest  and  most  resfionsive  university. 

Some  years  ago.  Chancellor  ITikuda  wrote  an  .irticle  stressing  that  the  new  university 
seeks  to  eliminate  the  stagnation  which  imjioses  itself  upon  some  institutions.  Me  mentioneil 
that,  among  other  things,  it  is  designed  to  stimulate  he.illhy  competition  and  t est.iblish  a 
sound  and  viable  relationship  with  society  by  being  responsive  to  the  needs  of  the  times  .ind 
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ot  the  luture.  No  one  tloiihls  tluit  the  atiininistr;ition  and  slaiulartls  of  Isiikiilia  are  designed 
partly  to  eliminate  the  potential  lor  future  student-inspired  strife  such  as  swept  Japan  so 
bitterly  in  the  late  IdPON.  In  a Plirsics  Today  article  of  F ehruary  Id75,  Tsukuha  was 
cimipareil  to  Akademgorodok.  the  science  city  at  Novoshirsk.  II  Isukuha  is  Ja|ian’s  answer  to 
the  Russian  science  city,  there  are  certainly  substantial  differences.  Tsukuba  will  be  ilefinitely 
larger  and  certainly  more  controversial.  My  experience  is  that  there  is  a reluctance  on  the 
part  of  many  Japanese  professors  to  accept  the  changes  with  tolerance,  not  to  say  approval. 
Many  stiklents  are  reluctant  to  leave  the  sushi  parlors  and  pachinko  halls  of  the  large  urban 
areas,  so  that  Isukuba  is  not  Hooded  with  a|iplications  as  are  the  trailitional  “imperial" 
universities.  Many  ot  the  prolessors,  too.  continue  to  live  in  Tokyo  and  commute  great 
tlistances  to  the  university.  Ihe  Japanese  are  inheritors  of  an  ancient  and  unii|ue  culture  anil 
they  are  m some  ways  very  conservative.  Isukuba  Lhiiversity  is  at  this  time  about  half  built 
and  half  populated,  having  been  somewhat  slow'ed  down  in  its  progress  by  the  “oil  shock."  It 
is  apparent  that,  in  spite  of  its  great  progress  to  date,  it  must  still  prove  itself. 


I UK  NA  I ION  Al.  RKSKARC  H INSI 1 1 1 TK 
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(ieorye  Sando/ 

riic  \;itioiKil  Kcscardi  Institute  Tor  Metals  iNRIMi  is  essentially  an  in-house  lahoraton, 
for  tlie  Seienee  aiul  I'eelinology  Ageney  of  Japan,  whieli  provides  dO  pereent  of  tlie  support 
(approximately  SU)  million  per  yearl.  The  remaining  sponsorship  eomes  from  other 
izovernmental  aeeneies  such  as  the  Ministry  of  International  Iraile  and  Industry  and  the 
Ayieney  for  I nvironmental  I’roteetion.  A few  tasks  are  handled  under  eontraet  for  industries, 
hut  this  is  done  mdireetly  through  various  irovernmental  at:eneies. 

NKIM  was  established  in  ld5h  aiul  is  organized  into  five  groups,  eaeh  eontaining  three 
divisions.  I he  primary  lunetions  ol  these  groups  are  as  follows: 

1.  Materials  (iroup  (I)  — metal  physics  involving  both  ferrous  aiul  non-ferrous  metals. 

2.  Materials  (irouj)  (2)  responds  to  national  projects,  and  involves  electronics  materials, 

nuclear  materials  and  high  strength  materials.  Project  areas  involve  breeder  and  hot-water 
reactors,  fusion  nuclear  fuels,  space  ileep-sea  diving,  high  speed  transportation.  Mill). 

3.  Process  Metallurgy  (iroup  metallurgical  chemistry  and  proeess  metallurgy  and 
development.  Projects  involve  improving  extraction  aiul  refining  processes.  .\s  an  example, 
work  is  underw'ay  on  the  continuous  electrolitic  retining  ot  ('u.  /n  and  Ni. 

4.  Metal  Processing  (iroup  welding,  foundry  practice,  powder  metallurgy  aiul  ime 
division  concerned  with  corrosion  control. 

5.  Strength  (iroup  a host  of  activities  including  NDl.  composite  materials,  the  basic 

approaches  to  increasing  metal  strength,  l atigue  and  creeji  properties  are  included. 

.Materials  (iroup  (2)  is  scheduled  to  move  to  Isukuba  New  lown  lor  Rese.irch  and 
I ducation  by  about  I97d.  P.arlier  eumstruction  at  the  new  site  prrtvided  a building  lor  testing 
superconducting  materials  (|d75)  and  a laboratory  for  testing  m.iterials  at  high  temperatures 
in  special  atmospheres  ( l‘)7()|. 

This  visit  began  with  a description  of  the  organizational  teatures  aiul  research  philoso- 
phy of  NRIM  by  the  Director,  Dr.  I'oru  Araki.  I'ollowing  this  there  were  tours  of  the 
latigue  Jesting  Division  and  Creep  Testing  Division  (Strength  (iroup)  and  the  Welding 
Division  (.Metal  Processing  (iroup).  Discussions  were  also  hehl  with  various  members  ot  the 
Nigh  Strength  Materials  Division  (Materials  (iroup  (2))  and  the  l errous  Materials  Division 
(Materials  (iroup  ( I )).  lor  about  an  hour  and  a half  a group  was  convened  to  hear  the  writer 
ilescribe  materials  activities  at  ONR  aiul  NRI..  1 he  visit  was  frustrating  in  one  sense,  too 
many  interesting  projects  are  underway  to  visit  in  a ilay  and  it  was  neeessary  to  probe 
haphazardly.  An  adeipiate  review  would  take  a number  of  ilays. 
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I ho  Wdiliiit;  Division  is  cnpaevil  m ;i  wide  variety  of  activities  aiul  is  i>enerally  well 
equipped.  One  stiuly  is  underway  to  relate  the  controllahle  parameters  in  electron  beam 
weldinu  tir  weld  detects,  especially  m deep  penetration  welds.  M.iterials  under  study  are 
semikilled  steel  and  ,\l-\n-Mu  alloys.  The  ilet'ects  of  interest  are  penetration  irregularities. 
porositN.  spike  l('rmation.  aiul  the  cracking  which  may  occur  at  any  assortment  of 
boundaries  (liision  line,  near  blow-holes,  beail  line  etc.  I.  I he  controllable  variables  inchule 
changes  in  the  electron  beam  gun.  vibration,  change  of  feeder  material,  etc. 

riiere  is  also  some  interesting  work  going  on  in  uiulerwater  welding.  ,\  pressure  chamber 
is  available  for  tests  of  the  plasma  arc  weld  process.  I’ressures  eijuivalent  to  a water  ilepth  of 
.M)()  meters  (.^1  kg/cm-)  can  be  duplicateil.  Acconling  to  Dr.  Michio  Inagaki.  who  conducted 
the  tour,  plasma  arc  welding  is  especially  attractive  in  deep  water  (1 00- .^00  meters).  Stick 
welding  and  (I'l  A welding  are  satisfactory  up  to  100  meters,  but  problems  with  arc  stability 
are  encountered  at  greater  depths. 

NKIM  developed  a controlled  pressure  system  for  butt  welding  of  pressure  tubing  for 
atomic  energv'  plants,  (ias  pressure  in  the  tube  is  controlleil  to  provide  a delicate  balance 
between  surface  tension,  gravitational  forces  aiul  arc  force  during  this  TKi  welding  operation. 
Ihis  ei|Uipment  has  now  been  produced  commercially  by  Mitsubishi  1 lectric  Corporation 
uniler  the  traile  name  “Melomotic." 

A tensile  restraint  cracking  test  machine  of  1000  tons  capacity  is  in  use  also  at  NKIM 
(and  m tact  was  developed  by  NKIM  to  investigate  the  cold  cracking  of  welds  by  hyrirogen). 
■A  sustained  load  is  the  major  feature,  aiul  rather  massive  tests  can  be  conducted.  The  ilata 
are  plotted  as  typical  static  fatigue  data  mean  tensile  stress  in  the  wekl  versus  time  of 
siistaiiKul  loail.  The  time-to-failure  and  threshold  features  of  the  curves  are  useil  to  show  such 
eftects  .IS  weld  temperature,  preheat  and  postheat. 

A machine  designateil  as  “WeM  I hermorestor"  was  shown  which  is  useil  to  simulate 
weld  thermal  cycling,  stress  of  strain  during  welding,  and  other  welding  conditi(ms  in  a 
controlled  atnursphere.  which  may  inchule  hydrogen,  moisture  and  argon.  .A  high  frequency 
heating  system  is  used.  The  machine  can  be  controlkul  to  simulate  a variety  of  thermal  cycles 
aiul  can  produce  constant  loail  or  constant  strain.  This  machine,  also  developeil  by  NKIM.  is 
available  commercially  now.  anil  at  least  one  has  been  sold  in  the  United  States  ( University 
ol  Michigan,  according  to  Inagaki).  I'he  Welding  Division  also  has  equipment  for  the  plasma 
jet  spray  coating  ol  such  materials  as  alumina  and  /irconia  on  Ni  and  Mo  to  improve 
resistance  to  heat  and  wear.  No  results  were  presented. 

Ihe  Creep  lesting  Division  is  conducting  the  most  extensive  collection  of  data  on 
commonly  used  engineering  alloys  in  the  world.  I'here  are  literally  1100  creep  test  machines 
collecting  data  on  .^.^00  individual  specimens.  Ihe  philosophy  is  not  only  to  collect 
representative  creep  data  on  the  various  high  temperature  alloys  but  to  establish  the 
statistical  spread  of  properties  between  different  jiarts  of  a heat,  between  different  heats,  anil 
between  heat  made  in  dillerent  companies.  .All  industrial  high  temperature  alloys  plus  several 
new  alloys  each  year  are  tested  at  a variety  ol  tenqieratures.  so  far  in  .lir.  Tests  have  been 
run  lor  limes  as  long  as  bO.OOO  hours  (S  years),  and  even  longer  tests  are  under  way. 
lemperatures  range  to  I 200°C  depending  on  intended  service  temperature.  One  investigation 
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vv;)s  ilcscrilioil.  A study  w;is  m;ule  of  the  etlccts  on  stross-ruiiturc  ot  dilicrciKcs  m cross 
scctii>n;il  sliapf  anuuip  specimcMis  of  identical  cross  sectional  area.  Ilic  rcsidts  indicate  that 
inateiial  inhoinoeeneits  is  a larger  elieet  than  the  shape  I'actor. 

The  l atigue  Division  is  also  applying  the  massive  assault  approach  to  the  prediction  and 
control  of  fatigue  cracking  in  commercial  alloys.  Special  emphasis  is  on  1 ) latigue  strength  at 
elevateil  temperatures.  2)  fatigue  strength  of  welded  memhers  and  3)  statistic.il  variations  in 
fatigue  strength.  Again  literally  thousands  of  specimens  are  tested  to  assess  the  prohahility  ol 
cycles  to  failure  at  various  frequencies  ami  temperatures.  The  S-N  curves  produced  show  'he 
confidence  limits  to  the  ilesigiier  who  may  then  exercise  the  desired  degree  of  coiiserv.it ism 
as  relateil  to  cost  and  structural  performance.  Various  types  of  machines  are  used  including 
rotating  heam.  push-pull  and  reverse  torsion.  One  push-pull  machine  is  capahle  ot  I 50  ton. 
Another  machine  permits  combined  axial  ami  torsion  tests.  Both  high  and  low  cycle  fatigue 
tests  are  used  to  evaluate  alloys  at  temperatures  to  X()0“('.  High  cycle  fatigue  tests  run  to 
100  million  cycles. 

In  one  investigation  with  austenitic  stainless  steel  the  plastic  strain  range  was  plotted 
versus  cycles  to  failure  at  various  temperatures.  Ihe  steel  failed  intergranularlv'  at  low  strain 
range  but  transgranularly  with  larger  plastic  strain  range. 

The  High  Strength  Materials  Division  interests  as  outlineil  by  Dr.  Kawabe  are  in  the 
development  of  both  high  strength  and  ultra  high  strength  steels.  Six  general  areas  were 
ilescribeil  as  follows; 

1 1 Tow  alloy  steel  develoinnent  in  the  high  strength  range,  lixamples  are  4340  and 

H-1  1. 

2)  f atigue  behavior  in  the  marine  environment  of  high  strength  steel  (for  the 
present,  however,  tests  are  conducted  only  in  air). 

3)  Steels  for  deep-viiving  submersibles.  The  Japan  deep  sea  rescue  vehicle  under 
design  was  originally  intendeil  to  reach  bOOO  meters,  ami  steels  such  as  the  U.  S.  Steel  10  Ni 
- X Co.  steel  were  of  interest.  Problems  in  dealing  with  the  heavy  section  related  to 
reproducibility,  stress  corrosion  cracking,  fatigue  ami  fracture  toughness  encouraged  a revision 
of  the  goal  to  1000  meters.  F'or  the  latter  goal,  steels  similar  to  HV-130  are  of  interest. 

4)  Maraging  type  steels  ami  particulary  with  respect  to  embrittlement  by  hydrogen. 

5)  C ryogenic  steels  for  use  at  liquid  He  temperatures. 

(■>)  I xtremely  high  strength  maraging  steel  (400  k>;0  for  imtential  use  in  centrifuging 
machines  for  the  concentration  of  uranium  isotopes. 

In  indiviilual  discussion.  Dr.  T.  Aoki  first  described  his  work  on  delayed  fracture  crack 
growth  (K)scc)  ‘’I  strength  steels  (4340  tempered  at  2.50°C  and  430°C  and  4320 

tempered  at  200°0  in  ilistilleil  water.  Little  temperature  effect  was  noted  on  the  value  of 
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I^lscc-  torminal  fracture  toujiliness  parameter  Kjx  calculateil  hy  tneasurmt:  tlie  crack 

ileptli  at  the  onset  of  fast  fracture  increased  rather  markeilly  witlt  temperature  m tioth  ol  tlie 
steels  temiu’red  at  25()“(’  and  2()0°C.  I'liis  was  observed  to  he  caused  by  intergranular  crack 
branching  as  temperature  increased.  ( rack  growth  rate  was  dependent  on  stress  intensity 
factor  tor  the  steels  tempered  at  250°C  and  200°C.  but  independent  of  stress  intensits  for 
the  steel  tempereil  at  4,M)°('.  An  activation  energy  of  about  d()()0  cal  mol  was  measured,  in 
all  eases,  hut  a correction  factor  was  applied  to  compensate  for  the  elteets  ol  crack 
branching.  Aoki  also  obsersed  discontinuous  crack  growth.  Ihe  intervals  between  steps  were 
conirolleil  by  the  thermally  activated  process  with  the  d()0()  cal  mol  activ.ition  energy. 

Wisrk  was  also  deseribed  by  Aoki  on  the  role  of  pitting  in  the  stress  corrosion  cracking 
of  martensitic  stainless  steel.  A 1.^  percent  chromium  steel  was  stmlied.  The  corrodent  was 
percent  NaCl  saltwater  ami  the  specimens  were  smooth  and  eleetrochemically  polarized. 
With  anodic  potential,  most  stress  ci'rrosion  cracks  initiated  at  corrosion  pits,  ami  the  time 
lor  pitting  accounted  lor  most  ol  the  time  to  failure.  As  might  be  expected,  the  ctaeking 
process  was  relativeK  imlependeiit  of  api'lied  potential. 

At  constant  anodic  potential,  crack  initiation  time  ilecreased  with  applied  stress.  The 
ile|ith  of  pit  at  which  stress  corrosion  cracking  commenced  was  found  to  decrease  with 
increasing  stress.  I urthermore  there  appeared  to  be  a threshold  pit  depth  required  before 
cracking  could  be  initiated. 

Papers  covering  this  wiirk  have  been  submitted  for  publication  by  Japan  Iron  & Steel 
Institute.  The  first  of  these  will  appear  m June  1477. 

Dr.  I.  Saito  discussed  his  work  on  the  toughness  of  Ni-(  r-Mo  steels  in  the  as-(]uenched 
condition  (see  Transactions  ISIJ  /6  .J25  (1476)).  After  determining  that  the  fracture 
toughness  parameter  K|c  could  be  obtained  from  the  experimentaly  determined  J integral 
value,  Saito  investigated  the  effects  of  prior  austenitic  grain  size  on  fracture  toughness. 

I racture  toughness  was  loiiml  to  be  relatively  invariant  with  increasing  grain  although  tensile 
properties  ileteriorateil.  At  very  large  grain  size,  however,  fracture  toughness  decreased 
abruptly  and  the  fracture  moile  changed  from  transgranular  to  intergranular.  Seeking  to 
explain  the  relative  insensitivity  of  fracture  toughness  to  austenitic  grain  size,  Saito  notes  a 
correspondence  of  fracture  toughness  with  the  size  of  the  tiimples  on  fracture  surfaces  which 
initiate  at  small  second  phase  particles.  Austenitic  grains  larger  than  this  interparticle  distance 
would  not  be  expected  to  have  a large  inlluence  on  the  fracture  process. 

Saito  is  currently  looking  at  the  fracture  toughness  in  two  phase  materials,  in  particular 
4.330  steel  quenched  from  within  the  stable  austenile  + ferrite  region  of  the  equilibrium 
phase  diagram.  Some  structures  have  been  obtained  which  are  (piite  tough,  but  the  tensile 
properties  are  not  s|K‘ctacular.  This  work  has  been  accepteil  for  publication  in  Trans.  ISIJ 
and  probably  will  appear  in  March  1477. 

Dr.  Y.  Sumitomo  iliscussed  interests  in  the  hydrogen  embrittlement  of  iron  alloys, 
especially  interactions  of  hyilrogen  amt  ctislocations.  He  is  studying  an  alloy  of  0.001  C',  4.S7 
Mo,  0.003  S,  balance  I'e,  with  the  itlea  of  isolating  for  stmly  the  iron-molybdeum  (l-'eiMo) 
precipitation  process  which  takes  place  in  more  comiilex  alloys.  Sumitomo  applies  a tensile 
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strain,  tlicn  annnu'iKcs  electrolytic  cliarciiif:.  Unlike  tlie  case  of  purer  iron  alloys,  the 
intriHliiction  ol  luiirofren  snc/icns  tlie  stress-strain  curve.  A change  from  cross  slip  to  planar 
slip  IS  ohsers'cil.  Sumitonio  conclikles  that  tlie  slip  |iroccsses  arc  cliangcil  by  alloying  elements 
vUiich  in  turn  cli.inge  the  response  to  hydrogen.  Tests  are  now  underway  with  I e-Si  and 
I e-AI  .illoys. 

Dr.  '(■  Kavcaln-  described  some  of  liis  efforts  to  produce  tougli  2X0  kg 'mm-  maraging 
steel  through  control  of  microstructure  (see  .IISl  Vol  62  No.  0,  U)76l.  I'he  steels  of  interest 
are  highly  alloyed  ( I Ni.  I?  Co.  lO  \Io.  0. 1 Al.  0.2  Til  to  achieve  iiigh  strength,  and  the 
precipitates  .ire  ttieretore  difficult  to  dissolve.  Ktiwabe  has  studied  the  effects  of  higher 
solution  treatment  temper.itures  (X50  to  I250°('l  upon  the  tensile  properties  and  fracture 
toughness. 


file  fracture  toughness  par.imeter  K|^-  increases  as  the  solution  temperature  increases 
despite  grain  si/e  increases  which  deteriorate  tl'e  tensile  properties  and  ductilitc’.  .As  the 
Iracture  toughness  increases,  there  is  a shift  from  dimple  fracture  surtaces  to  quasicleavage 
tractiire  surfaces,  the  reverse  of  the  usual  relationship  between  fracture  mode  and  toughness. 
K.iccabe  believes  the  observations  reflect  the  dissolution  of  the  precipitates  which  are 
regarded  as  more  deleterious  to  fracture  toughness  than  is  large  grain  si/e.  Large  grain  si/.e. 
however,  does  deteriorate  the  tensile  projK'rlies  and  ideally  the  preciptates  would  be  dissolved 
but  the  grain  si/e  would  remain  small.  Toward  this  goal  Kawabe  has  been  studying 
thermomechanical  treatment  and  a variety  of  cyclic  heat  treatments.  Lhere  has  been  some 
success  but  these  treatments  are  complex  and  expensive  and  therefore  the  work  continues. 

Dr.  M.  .Sumeta  stated  that  he  will  be  studying  the  fatigue  ol  high  strength  steels  in 
seawater  m the  future.  He  was  therefore  very  interested  in  the  related  work  underway  at 
N'KI.  lie  intends  to  study  steels  such  as  H'V-l.lO.  preci|iitation  hardening  steels,  maraging 
steels.  \i-4  Co  steels  and  MV-180  type  steels.  The  tests  will  be  in  air  and  seawater,  and  the 
specimens  will  in  some  cases  contain  sharp  notches. 

Dr.  M.  Inagaki.  head  of  the  Welding  Division,  is  active  in  committee  work  both  in  Japan 
and  internationally.  He  chairs  the  Class  Structural  Steel  for  \Selding  Committee  of  the  Steel 
Division  ol  the  Japan  Welding  I ngineering  Society.  In  this  capacity  he  represents  Japan  at 
assemblies  of  the  International  Institute  of  Welding,  l or  example  he  presented  a report  on 
the  study  of  cold  cracking  with  the  implant  test  at  a meeting  in  .Australia  in  August.  Id76 
(IIW  Do.  I\-‘>70-76).  Other  concerns  and  studies  of  the  committees  are  lamellar  tearing  and 
fracture  in  heat  alTected  /ones. 
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riic  University  ol  Tokyo  is  about  100  years  old  and  was  tlie  first  in  Japan  to  orient 
itself  towanl  the  Western  World.  The  first  classes  in  science  and  technology  were  in  fact 
taught  by  foreign  professors  who  were  employed  to  introduce  these  subjects  which  were  not 
at  that  time  ailvanced  in  Japan,  at  least  compared  to  liuropean  technical  levels.  W'ith  this 
headstart,  the  University  of  Tokyo  led  the  way  towanl  westernization  and  apjiarently  has 
educated  many  of  the  nation’s  leatlers  in  government  and  industry.  Ihe  standards  of 
admission  are  extremely  high  anil  the  examinations  upon  which  entrance  is  based  absolutely 
.ire  referred  to  as  pure  “hell.” 

As  a m.itter  of  firm  policy,  the  University  of  Tokyo  remains  outside  of  partisan  (lolitics. 
Members  of  the  faculty  serve  as  special  advisors  or  on  committees  of  agencies  such  as  the 
Science  and  Technology  Agency.  Ministry  of  l-ducation.  Ministry’  of  Transportation,  Ministry 
of  Construction  and  the  Jinvironmental  Agency.  The  two  (irofessors  visited.  Professor  Y. 
Asada  and  Professor  K.  lida,  arc  for  example  heavily  engaged  in  research  .issociated  with 
pressure  vessel  technology  anil  shipbuilding,  and  they  interact  directly  with  such  organiza- 
tions as  the  Power  Reactor  and  Nuclear  i'uel  Corporation  and  the  Ship  Research  Institute 
(both  governmental  organizations). 

I’rofessor  Asada  is  associated  with  the  Department  of  Mechaiiic.il  1 ngineermg  and  is 
pursuing  several  problems  in  high  temperature  low-cycle  fatigue  and  on  cyclic  strain  induced 
plasticity,  strain  induced  creep  and  recovery.  J or  example  he  is  currently  stuih  ing  the  effects 
of  hold  time  and  strain  rate  on  low  cycle  fatigue  of  type  ,^04  and  type  .Jl(i  stainless  steels  at 
(^50°C.  This  temperature  is  of  interest  because  it  reflects  the  reactor  temperatures  where  type 
31b  may  be  used  as  a cladding  material.  The  test  specimens  of  .Asada  are  of  the  hour-glass 
type,  b mm  in  diameter.  Ihe  load  cycle  is  triangular  and  involves  both  tension  and 
compression,  but  the  holding  periods  (of  one  to  sixty  minutes)  are  .ilways  during  tension. 
Tests  are  conducted  in  a vacuum  of  I x 10"*’  forr. 

One  paper  on  fheir  work  will  he  irresenfed  by  Asada  and  several  collalvorafors  before  fhe 
3rd  International  Conference  on  Piessure  Vessel  Technology  to  be  held  U>-22  April  I ‘>77  in 
Tokyo.  Other  papers  have  appeared  previously  (see  Annual  Report  of  the  Tngineering 
Research  Institute  3/  b|  (U)72).  Proceedings  of  fhe  Infernaf ional  Conference  on  Creep  and 
Tafigue  in  T.levated  Temperafure  Applications,  Phil  Sept  U)73.  Sheffield.  U.K.  U>74), 

Asada  was  most  interested  in  the  work  of  Shahmian  and  others  at  the  Naval  Research 
Laboratory.  Shahinian  has  attacked  similar  |iroblems  but  measures  crack  growth  rates  in 
precracked  specimens.  Asada  has  considered  the  effects  of  notches  (Proceedings  of  the  2nd 
International  Conference  on  Pressure  Vessel  Technology.  San  Antonio.  Texas,  U)73)  but 
apparently  leaves  crack  growth  rates  to  others  at  this  lime.  A colleague  of  .Asada  at 
University  of  Tokyo,  Professor  IT  Okiimura  is,  however,  conducting  fracture  mechanics  type 
tests  with  crack  growth  measured  optically. 
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1 lie  work  ol  Asada  and  others  on  plastic  strain  was  presented  in  part  before  the 
International  Conference  on  Creep  and  latigiie  in  Edevated  Temperature  Applications, 
I’hiladelphia.  Id73.  A new  jiaper  on  “Accumulation  of  Longitudinal  Strain  Under  Cyclic 
lorsion”  wil  be  presented  before  the  4th  'nternational  Conference  on  E'racture,  19-24  June, 
Waterloo,  Canada.  (It  appears  that  Waterloo  will  become  a Japanese  enclave,  to  judge  from 
the  numbers  planning  to  attend.) 

I'he  plasticity  work  of  Asada  is  done  on  several  rather  intricate  but  well-conceived 
machines  which  provide  torsion  plus  push-pull  strain.  By  measuring  the  push-pull  plus  tne 
torsional  strains,  the  total  strain  can  be  determined  ami  comparisons  made  with  theory.  A 
hollow  c.vlindrically  shapcil  specimen  42  mm  in  diameter  is  used  (currently  type  316 
stainless)  which,  costs  S.^OO  each. 

Professor  K.  lida  is  associated  with  the  Department  of  Naval  Architecture  and  this  visit 
began  with  a tour  of  the  l.iboratory.  The  laboratory  features  an  assortment  of  machines 
designed  to  lest  specimens  and  components  for  fatigue  resistance,  brittle  fracture  resistance 
and  general  strength  characteristics.  One  machine,  for  example,  can  apply  600  tons  to  brittle 
trasture  specimens,  thus  allowing  sections  of  several  inches  of  thickness  to  be  tested.  There  is 
also  a .sO-ton  cyclic  loail  bed  to  study  high-cycle  fatigue  and  another  50-ton  bed  to  study 
low-cvcie  fatigue,  under  servo  control.  ,A  400-ton  Anisler  type  loading  machine  for  static 
lo.uls  was  apparently  the  scene  of  Professor  Kan.i/awa's  famous  double  tension  test  developed 
some  years  ago.  Ibis  test  features  a sm.ill  tensile  “ear"  with  crack  starter  notch  machined 
from  but  still  attached  to  the  larger  sjiecinien  to  be  tested  for  resistance  to  brittle  fracture. 
I he  small  “ear"  serves  to  start  a crack  traveling  into  the  larger  section,  fhe  lest,  similar  to 
the  1 SSO  and  Robertson  tests,  is  very  expensive  but  was  useful  m earlier  investigations. 

It  was  interesting  to  see  some  of  the  smaller  fatigue  machines  and  specimens  which  were 
duplicates  of  the  fatigue  machines  used  earlier  b\  Ij.  Lange  of  the  Naval  Research  Laboratory 
to  test  unnotcheil  specimens  in  low-cycle  fatigue,  l aiige  is  well  known  to  these  investigators 
at  University  of  Tokyo.  These  particular  machines  are  being  used  to  test  welded  ioints  of  9 
percent  nickel  steel  for  pressure  vessel  carriers  of  IN(i  ( * -16()°('.  1.5  psi  gage).  The 
Department  of  Naval  Architecture  is  also  studying  acoustic  emissiivn  as  a means  ot  following 
the  processes  ol  fracture.  One  test  observed  in  priigress  involveii  a 4-point  bend  specimen. 
Ihe  acoustic  emission  sensors  were  being  used  to  follow  the  plastic  deformation  and  cracking 
processes. 

lida  presented  a tall  slack  of  reports,  many  of  them  very  current,  which  shows  that  he 
is  a most  |irolific  researcher.  Mis  high  stature  as  eviilenced  by  his  invitations  to  serve  on  high 
level  committees,  hoards,  anil  international  advisory  and  control  or  regulatory  grou(is  is  very 
understandable.  One  of  the  subjects  on  which  lida  has  published  extensively  is  on  low-cycle 
fatigue,  how  cracks  are  initiated  and  grown  by  this  process,  and  how  this  relates  to  design  and 
(abrication  processes,  especially  of  large  ships  and  pressure  vessels.  He  has  been  intcrcstcil  in 
the  related  areas  of  the  effects  of  notches  and  weld  defects  on  fatigue  crack  initiation  and 
propagation.  Ihe  fatigue  spectrum,  or  shape  of  Ihe  fatigue  cycle,  has  also  been  investigateil. 
Recently  he  has  been  working  with  Dr.  M.  Kawahara  of  Nippon  Kokan  Kabushiki  Kaisha  to 
develop  an  expression  for  the  propagation  rale  of  a fatigue  crack  from  a surface  Haw,  This 
work  (see  previous  report  on  visit  to  Nippon  Kokan  K.K.)  attacks  the  problem  of  variation  in 


crack  trout  nK'rpholoey  dcpciuliiig  on  stress  system  (beiulinp  or  tension)  (see  IIW  Doc 
ld-H()2-'(i.  IIW  Doc  I.V7‘H)-7S.  IW  Doc  13-801-76). 

lula  ami  collaborators  presentcil  papers  at  the  Third  Acoustic  I mission  Symposium, 
Tokyo.  Dt^6.  describini:  acoustic  emission  iluring  fibrous  brittle  fracture  and  during  the  low 
c\cle  fatigue  of  hemispherical  pressure  vessel  models.  One  interesting  linding  was  that  in  the 
case  of  brittle  fracture  not  accompanied  by  a fibrous  crack,  there  is  almost  no  previous  signal 
by  acoustic  emission,  hence  no  way  of  detecting  the  initiation  of  brittle  fracture.  However 
most  common  structures  do  not  fail  in  a completely  brittle  manner,  and  acoustic  emission 
does  signal  the  initial  fracture  processes  in  these  cases. 

Most  recently,  lida  presented  a paper,  “Comparison  of  Fatigue  Strengths  of  Steels  Under 
Dcllection  Controlled  Bending  ami  Strain  Controlled  Axial  Load  Cycling,”  at  the  2nd 
International  Conference  on  Mechanical  Behavior  of  Materials.  16-20  August  1976,  in  Boston. 
.A  paper  on  “Low  Cycle  Fatigue  Strength  of  Steels  and  Welds  in  Relation  to  Static  Tensile 
I’roperties.”  is  scheduled  for  presentation  at  the  4th  International  Conference  on  Fracture  at 
Waterloo  (where  else?),  19-24  June  1977.  This  paper,  in  collaboration  with  F.  Fujii  of  the 
Ship  Research  Institute  in  Mikota,  claims  to  show  that  the  total  strain  amplitude  in  reversed 
strain  cycling  can  be  predicteil  by  static  fracture  ductility  (RA)  and  ultimate  tensile  strength 
within  an  accuracy  of  40  percent.  The  visible  crack  initiation  life  must  also  be  known. 

Both  lida  and  Asada  were  apologetic  about  the  lack  of  modern  ecpiipment  in  their 
laboratories,  particularly  with  respect  to  the  computerized  control  of  tests  and  data  retrieval 
and  analysis.  However,  the  impression  was  that  there  is  much  in  the  way  of  human  ingenuity 
at  University  of  Tokyo  now,  which  a flood  of  new  machines  might  erode. 
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YOKOHAMA  NAIIONAL  IMVKRSII  V 


(ii‘or}>i‘  Sando/ 


Si-vcral  dL'partiiu'nts  ot  llu.-  'I'okoluima  N.iIioikiI  University  l.aulty  of  eniiiiK-eriiu'  'vere 
visited  on  ttiis  oeeasion.  Hie  (irineipal  host  was  I’rot'essor  S.  Oki.  who  did  imieh  more  than 
was  evpeeted  or  reijinred  tor  a satisfactory  exchaiifte.  There  was  not  imich  discussion  of  the 
history  of  this  institution,  hut  it  was  estahlislied  that  only  master's  decrees  are  conferred  and 
tliat  the  scliool  is  in  process  of  moving  to  an  entirely  new  campus  some  10-15  kilometers 
away.  I'he  move  will  be  cornpleteil  in  5 or  4 years.  Meanwhile,  the  existing  catnpus  is 
somewhat  run  down  .ind  generally  neglected  insofar  as  cosmetic  values  are  concerned. 

I’rofessor  Oki  described  the  KOZA  system  of  Japan  which  is  a research  or  professorial 
unit  consisting  of  a professor,  associate  professor  plus  assistants  or  lecturers  and  graduate 
students.  The  KOZA  is  composeil  of  four  people.  In  a given  university,  each  KOZA  is 
granted,  an  identical  amount  of  money  for  research,  although  there  are  differences  between 
technical  departments  aiul  liberal  arts  ilepartments.  Of  perhaps  greater  interest,  there  are 
significant  differences  in  the  money  allotted  (by  the  Ministry  of  F t.lucation ) to  KOZA’s  of 
different  universities.  1 bus  .i  KOZA  at  University  of  Tokyo  receives  more  mone\'  than  .i 
KOZA  at  'Y  okohama  liniversity.  One  iletermining  factor  in  this  is  the  highest  degree  offered, 
and  as  st.ited  earlier.  V'okohama  offers  only  the  master’s  degree. 

The  usual  presentation  on  activities  of  ONR  and  NKl.  was  well  received  and  there  was 
consiilerable  interest  in  how  this  system  operates  within  the  organi/.ation  of  the  Defetise 
Department.  There  is  still  some  difficulty  among  the  Japanese  in  visuali/ing  a defense  activit> 
which  is  primarily  a thrust  at  basic  science. 

I’resentations  and  discussions  followed  among  a number  of  professors  at  Yokohama 
National  University.  The  stiulents  ol  (Yolessor  W’ada  made  a vali.mt  effort  to  explain  their 

w(irk  m the  areas  of  hydrogen  embrittlement  and  surface  self-diffusion.  With  respiect  to 
hvilrogen  embrittlement,  it  was  observed,  in  the  case  of  pure  iron,  that  increasing  currents  of 
catliodK  v.h.irgmg  produceil  .i  decrease  in  the  How  stress  of  tensile  specimens.  On  the  other 
haiul.  increasing  charging  amperages  on  an  1H-X()  steel  (O.OdC,  0.24  Si.  0.82  Mn.  0.23  ( u. 
0.‘>7  \i.  0.42  ( r.  0.42  Mo.  0.03  0.002  Hi  produced  a progressively  increasing  How  stress. 

To  expl.im  these  eltects.  specimens  of  an  H I bO  steel  were  charged  at  0.2.  1.0.  10,  40, 
and  100  inA  cin  during  tensile  testing.  Specimens  charged  at  40  and  100  m.A  cm-  were 
apparentlv  dainaied  I he  “d.image”  incurred  can  he  explained,  according  to  Wada,  only  by 
the  interaction  betv*  en  “active"  hydrogen  and  dislocations. 

Ihe  siirlace  selt-dilliisioii  is  studied  by  W.id.i  .md  his  students  essentially  by  studying  the 
rate  ol  smoothing  ot  grooved  specimens  as  a function  of  temperature.  The  materials  involved 
have  been  I 7 percent  ( r steel,  pure  \i  .md  3 percent  .Al'l  '-'.  Wada  contends  that  the  surface 
relaxation  occurs  by  volume  dilliisioii.  siirf.ice  difliision  and  evaporation-condensation.  He 
favors  the  mass  transler  mech.imsm  due  to  Mullins,  who  describes  the  solution  for  the 
sniootliing  ol  a sinusoidal  met.illic  siirf.ice  in  vacuum. 


I’rot'essor  Oki  describeil  brietly  bis  work  on  hot  tearing  and  in  particular  the  relation 
between  cooling  rate  and  thermal  stress  in  castings  during  solidification  and  subsequent 
cooling  (International  F'oundry  Congress,  Belgrade,  Yugoslavia,  1969).  Oki  is  preparing  a 
paper  on  the  theory  of  hot  tearing  for  submission  to  the  Japan  Iron  and  Steel  Institute 
entitled  "Theoretical  Study  of  Hot  Tearing  in  Skin-Forming  Solidification.”  He  also  described 
some  very  interesting  recent  work  on  the  atomic  model  of  crystallization.  Basically,  he  puts 
many  small  steel  balls  on  a plate  subject  to  viration,  but  one  end  of  the  plate  is  vibrated  with 
greater  amplitude  than  the  other.  By  slowly  decreasing  the  amplitude  generally,  he  can  show 
how  crystals  nucleate  and  grow.  He  can  also  model  the  processes  of  melting,  by  gradually 
increasing  *he  vibration  amplitude.  This  work  has  been  described  in  IMONO  (FOUNDRY), 
Vol.  48  No.  8,  1976. 

Professor  Asakura  described  work  on  control  of  corrosion  which  his  group  is  doing  in 
the  Department  of  Safety  Faigineering.  Safety  and  Fnvironmental  Fngineering  has  become 
important  in  Japan  in  recent  years,  and  in  consequence  this  new  department  was  created. 
Fiarly  efforts  have  been  directed  toward  the  development  of  a corrosion  rate  test  meter  which 
measures  corrosion  rate  from  polarization  at  a distance.  There  are  a. so  experiments  designed 
to  simulate  pollution  and  the  diffusion  of  pollutants  in  water.  Both  the  pollutant  ami  the 
detection  of  the  pollutant  are  of  interest.  Future  plans  include  tests  of  corrosion  by 
pollutants  in  a stress  environment. 

Dr.  K.  Ando  described  his  interesting  work  in  the  Laboratory  for  Materials  for  F.nergy 
Systems.  He  is  interested  in  brittle  fracture  problems  with  pressure  vessels  ami  with  large  oil 
tankage  vessels.  He  has  developed  a simplified  and  cheaper  test  to  assess  cold  cracking  after 
welding  in  high  strength  steel.  He  has  also  studied  fatigue  fracture  toughness  parameters  and 
describes  a fatigue  fracture  toughness  parameter  “Kfc”  which  always  is  lower  than  Ki^.  Both 
parameters  decrease  with  decreasing  temperature.  The  steels  with  which  Ando  is  concerned 
are  quite  tough  and  slow  crack  growth  is  involved  in  fracture  mechanics  tests.  He  is  therefore 
trying  to  develop  use  of  the  J-integral  for  such  analyses. 

Ando  is  also  investigating  the  initiation  of  brittle  fracture  from  the  defects  in  welds  such 
as  lack  of  penetration.  As  a “hobby”  he  is  also  interested  in  the  effect  of  temperature  on 
fatigue  crack  growth  rate  and  on  the  plastic  zone  size  near  the  fatigue  crack.  .Ando  is  a fully 
c|ualified  Naval  architect  as  well  as  a materials  engineer.  Important  papers  by  Ando  appear  in 
I)  lohoku  University  Thesis,  1969;  2)  Proceedings  of  2nd  International  Conference  on 
Mechanical  Properties,  Boston,  1976;  .J)  Journal  of  Society  of  Materials  Science.  Japan.  Vol. 
25,  No.  268,  p.  97,  1976. 

Professors  1.  Kamijo  and  K.  Sekine  are  interested  in  ileformations  and  annealing 
textures  ami  upon  the  influence  of  texture  on  stress  corrosion  cracking  of  A1  alloys  m salt 
solutions.  Variations  in  susceptibility  with  respect  to  preferred  orientations  have  been 
observed.  No  crackstarter  tests  have  been  attempted.  Pertinent  papers  are  published  in  1 ) 
Journal  of  Safety  Fngineering,  Yokyhama  National  University,  Vol.  14,  No.  2,  |9'’.‘t,  2) 
Transactions  J.  I.  M.,  Vol.  12,  No.  3,  May  1971;  ami  3)  Transactions  J.  I.  M.,  Vol.  17,  1976. 

Kamijo  also  slates  that  the  ductility  of  face  centered  cubic  metals  depends  on  the 
stacking  fault  energy,  temperature  and  initial  orientation.  Kamijo  has  studied  the  longitudinal 


work  lumiening  rate  ol  Al.  C'u,  and  C'u-AI  alloys.  The  addition  of  Al  to  Cu  decreases  stacking 
fault  energy  and  the  frequency  of  deformation  twins  decreases. 

Professor  Igiichi  is  studying  the  non-stoichiometric  states  of  transition  metal  oxides,  lie 
has  returneil  only  recently  from  the  University  of  Bradford,  near  Leeds,  where  he  studied  for 
two  years  with  K.  J.  I).  Tilley.  The  work  has  resulted  in  one  publication  in  the  Transaction 
of  the  Philosophical  Society  of  the  Royal  Society  of  London  (“The  Llastic  Strain  Lnergy  ot 
('rystallographic  Shear  Planes  in  Reduced  Tungsten  Trioxide”).  The  paper  will  appear  in  May 
D77.  A subsequent  paper  entitled  “Strain  Lnergy  Between  Parallel  {001}  Crystallographic 
Shear  Planes  in  Reduced  Tungsten  Trioxides”  will  be  submitted  to  Philosophical  Magazine 
soon. 


Iguchi’s  work  is  basically  the  calculation  of  the  elastic  strain  energy  due  to  crystallog- 
raphic shear  on  planes  lying  upon  the  {102},  {103}  and  {001}  planes.  Calculating  the  cases  of 
both  isolated  shear  planes  and  for  pairs  of  shear  planes  he  is  able  to  estimate  the  clastic 
strain  energy  per  unit  volume  for  crystals  containing  ordered  arrays  of  crystallographic  shear 
planes.  Iguchi  calculates  that  the  magnitude  of  the  elastic  strain  energy  of  the  three  planes  is 
of  the  order  {001}  >{l02/>  {103},  and  that  at  small  crystallographic  shear  plane  spacings  the 
curves  of  elastic  strain  energy  versus  crystallographic  shear  plane  separation  takes  the  form  of 
successive  peaks  and  valleys.  Iguchi  claims  to  have  shown  experimentally  that  the  elastic 
strain  energy  does  indeed  play  a significant  role  in  controlling  the  micmstructure. 

Dr.  T.  Lndo,  an  associate  of  Professor  Kamijo,  described  briefly  some  work  on  the 
effects  of  superimposed  ultrasonic  vibratory  stress  on  static  flow  stress.  Apparently  Lndo  is 
seeing  some  mechanical  effects  as  a result  of  superimposed  ultrasonic  vibration  applied  to 
specimens  otherwise  under  routine  tensile  testing.  The  effects  have  been  seen  on  a wide 
variety  of  metals  and  alloys  (Al,  Cd,  Cu,  Cu-7A1,  Cu-Zn,  weld  steel.  Mg,  Mo,  17-4  PH,  Pb. 
Ta,  Zn  and  W).  A decrease  in  static  flow  stress  results  to  varying  degrees  in  all  of  these 
materials  when  ultrasonic  vibration  is  imposed.  Lffects  on  work  hardening  rate,  hardness  and 
fracture  resistance  (probably  ductility)  are  observed  in  some  instances  but  not  m others. 
There  are  no  effects  of  environment  (air,  H2O.  CCL4)  but  frequency  and  temperature  may 
have  an  effect.  It  was  not  entirely  clear  just  which  results  are  lindo's  and  which  were  results 
he  obtained  from  the  literature,  but  Lndo  is  working  in  this  area.  The  immediate  goal  is  to 
determine  the  role  of  dislocations  and  whether  a change  in  average  dislocation  ilensity  due  to 
ultrasonic  vibratory  stress  can  explain  the  observations.  1 ndcr  is  working  on  Le-3  Si  alloy. 

The  general  impression  of  Yokohama  University  is  very  favorable.  One  sees  a faculty 
which  is  dispersed  in  age,  but  energetic  ami  working  hanl.  The  students  also  are  intense, 
serious  ami  appear  to  be  obtaining  a sound  education.  As  is  common  everywhere  there  were 
complaints  over  forced  ilirection  into  practical  problems. 
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A visit  U)  NippiHi  Kaiji  Kyokai  lioaii  otTicv  in  Akasaka  luul  hevn  sclicdiilvd  previously, 
aiul  at  the  instillation  of  Dt.  K.  lida  ot  the  University  ol  lokyo  a visit  was  also  arranged  to 
the  Keseareh  Institute  loetiteil  at  Mitaka,  immediately  adjacent  to  the  .Ship  Research  Institute 
ot  the  Ministry  of  I ransportation.  Nippon  Kaiji  Kyokai  is  an  international  classification 
society  which  promotes  safety  at  sea.  The  Societs  is  a memlier  of  the  International 
Association  ot  ( lassitication  Societies  (l  A('S)  consistinc’  ot  nine  iiiaior  classification  societies. 
1 .sperienced  surveyors  of  the  Society  survey  ships  with  a view  to  certification  for 
construction  ami  satety.  The  results  of  such  inspections  are  publishevl  annually  in  the 
Kettistcr  ot  Ships.  I he  hiithest  class  v)f  certification  is  designated  NS*  and  is  recognized  by 
both  lAimlon  Uiulerwriters  and  the  American  Marine  Insurance  Clearing  House.  Ihe  Society 
serves  essentially  the  same  lunction  as  the  American  Bureau  v)f  Shipping.  In  1975.  .^729  ships 
aggregating  50  million  tons  gross  representing  40  nationalities  were  classed  by  the  Society. 

Ihe  Society  maintains  the  Research  Institute  to  help  ensure  that  its  technical  rules  and 
rei|uirements  are  rational  and  up-to-date.  The  results  ami  focus  of  the  Research  Institute  are 
always  rehiteil  to  the  behavior  of  Nippon  Kaiji  classified  ships  in  service,  which  range  all  the 
way  up  to  500,000  ton  tankers. 

Ihe  Nippon  K.  K.  Research  Institute  is  organi/evl  into  three  sections:  ship  luill. 
machinerv  and  material  research.  I here  is  also  a moiiest  computer  research  section  attached. 
( urrent  materials  activities  locus  on  9 percent  nickel  steels,  maraging  steels  and  aluminium 
alloys  anvl  their  behavior  in  air  aiul  in  saltwater.  I'here  is  no  activity  at  present  with  respect 
to  preci|iitat ion  hardeneil  or  other  high-strength  steels.  l atigue  ami  crack  propagation  bv 
l.itigue  111  hostile  environments  is  the  chief  concern.  Massive  carriers  for  LNd,  ore.  oil  ami 
lumber  are  the  related  interests. 

One  interesting  paper  was  described  which  will  be  published  eventually  by  the  Japan 
Society  v)f  Mechanical  I ngineering.  litis  paper  entitled  “A  Stmly  on  l■atigue  Crack  (irowth 
Irom  Surlace  Maw"  by  -I.  Arai.  V.  Ino  ami  II.  Iwaki  was  an  outgrowth  of  research  on  alloys 
lor  Use  in  l,N(i  carriers  (9  Ni  steel  ami  A1  alloy).  l.ii|uid  nitrogen  was  usevi  to  contrvtl  test 
temperatures,  amt  it  was  noticeil  that  specimens  behavevl  differently  ilepemling  on  whether 
resulual  nitrogen  was  or  was  not  present  iluring  the  test.  I his  triggereil  an  investigation,  w ith 
the  lollowing  results; 

(rack  growth  lalc  m ,\I-Mg  alloy  A 50X.J-0  js  lower  in  nitrogen  than  in  air.  A ilecrease 
in  temperature  to  -l()2°(  also  viecreases  growth  rate.  The  environmental  elTect  ol  nitrogen  is. 
however,  Ilie  greater.  Ailvlit ionally.  the  ililTereni  environments  province  a vlifferent  sli.ipe  of 
crack  Ironl.  Ihe  surlace  crack  trouts  are  semi-elliptical  in  nitrogen  gas  and  semi-circular  in 
air. 


Ihe  observations  are  explained  by  asserting  that  reversevi  (cross)  ship  is  easier  in 
nitrogen  Ih.m  m air.  Ihe  ilillerent  crack  Iron!  shapes  are  explaineil  on  the  basis  oT  easier 


crji.k  closure  m mtroi’oii  Ilian  in  air.  Air  inipctles  Ilie  closure  of  cr;u.ks  by  cross  slip  (reverseil 
slip)  because  ol  the  impurities  roriiied  im  slipped  surl'aees. 

A tour  of  the  Research  Institute  showed  lurther  advanceil,  larire-scale.  testinii  niasliinerc. 
\ laree  tatieue  machine  involved  .1  servo  pulse  ol  lO"'^  sec  and  a capacity  ol  400  cps. 
Diagramed  loailing  is  possible.  Data  Irom  on-board  recorils  ol  fatigue  loading  can  be 
programmed  into  the  machine  to  duplicate  the  loail  spectrum  of  service  conditions  on  test 
specimens.  \ hvbrid  .inalog  and  digit.il  computer  is  available  for  analysis  of  the  dynamics  of 
vibration  and  imp.ict. 

I A number  of  large  rotating-type  fatigue  machines  were  shown.  Some  of  these  involve 

beiHlmg  .md  torsional  fatigue  aiul  fretting  as  designeil  to  duplicate  craekshaft  service.  A large 
; sOO  ion  low-cyele  fatigue  test  machine  was  also  observed,  b'atigue  and  crack  propagation 

ti-  is  .ire  m.ide  on  verv  large  specimens  up  to  ‘'00  x 30  mm.  Cryogenic  control  is  through 
. , use  of  nitrogen  g.is  which  is  used  liberally.  The  cost  of  nitrogen  gas  alone  runs  to  10  million 

veil  per  v ear  I 30-40  K ). 

I he  general  impression  of  the  Ship  Research  Institute  aiidi  of  Nippon  Kaiji  Kvokai 
• Rcse.ircli  Institute  is  that  first  class,  practical  research  on  the  behavior  ol  ships  wilh  respect 

to  ilesign  and  materi.ils  is  going  on.  riiere  does  not  appear  to  be  any  significant  interest  in 
I the  metallureical  structure  of  base  plate  or  welds.  The  behavior  of  the  designs  assuming  a 

material  continuum  is  the  central  interest. 

MIM’ON  KAIJI  KYOKAI  HE  AD  OFUCE; 

. I'ollowing  a visit  to  tl  c Nippon  Kaiji  Kvokai  Research  Institute,  this  one  to  the 

f I leadiiuarters  Office  was  perha|is  rcduiulant.  Nevertheless,  interesting  discussions  were  hekl 

with  several  people.  Dr.  Y.  Akita,  Vice  President  of  Nippon  K.  K.  described  some  current 
activities.  He  is  the  Chairman  ol  the  International  Svmposiiim  on  Practical  Design  in 
' Shipbuilding  to  be  hekl  in  I'ok-vo  IX-20  October  l‘)77.  and  he  is  very  busy  arranging  the 

details  of  this  meeting. 

The  only  ilireetly  teehnieal  contribution  of  the  ilay  involved  a demonstration  (by  Dr. 
Shin-lehi  Kaku.  Head  of  Planning  Division)  of  an  extremely  eomixiet  ultrasonic  NDF  test 
device.  This  was  developed  under  sponsorship  of  Nippon  K.  K.  by  Tokyo  Keiki,  a companv 

i in  Tokyo.  The  compact  device  weighs  perhaps  one-half  pound  and  is  readily  carried  by 

I inspectors  to  the  most  difficult  areas  for  ship  and  piping  inspection.  The  device  cheeks  for 

f{  cracks  and  poor  penetration  in  welds,  to  a depth  of  two  inches. 
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I m; SHIP  ki.m:ak(  II  inmiii  tk 


(ifort'c  Nando/ 

Utuk'r  the  gentk'  porsUiisioii  ol  I’ruIVssor  K.  lidd  ol  IIk'  I'nivcrsity  ol  lokyo,  the  writer 
viMteil  llie  Ship  Reseiireh  Institute  ol  the  Jup.in  Ministry  ol  I'raiisport.  ilie  Director  Cieneral 
IS  Dr.  N.  .Amlo.  aiul  uiuler  liis  manaireinent  are  Divisions  concerned  witli  ship  propulsion, 
dynamics,  structures,  weldin;;  and  fahricalion,  engine  development,  marine  engines,  ship 
ei|uipment,  nuclear  ships,  oceanographical  engineering  and  physical  engineering.  Although  the 
Sliip  Research  Institute  was  originally  established  in  l‘>U),  the  present  organization  appar- 
ently took  torni  in  Dki.k  It  was  at  this  time  that  the  present  Ship  Research  institute  with 
the  ten  Research  Divisions  aiul  two  Rranches  (at  Osaka  and  lokail  was  formed  as  a technical 
resource  ot  the  Ministry  ol  I r.msportation.  The  Institute  does  research  in  areas  ol  concern  on 
ships  which  are  indicated  by  the  Division  I'unctions.  riie  results  of  this  research  are  published 
in  "Report  of  the  Ship  Research  Institute"  and  "Rapers  of  Ship  Research  Institute." 

In  the  Ship  l(.|uipment  Division,  under  the  ilirection  of  Dr.  K.  Ohnaga,  some 
e.xpeiiments  on  alternate-immersion  corrosion  were  shown  (by  Dr.  S.  Naitol.  Specimens  are 
contained  in  cells  and  subjected  to  fatigue  in  bending  to  maximum  stress  of  25  Kg  inm- 
while  cycling  betw'cen  15  ami  150  cpm.  The  cells  permit  alternate  filling  and  emptying  with 
ssntiielic  seawater,  so  tiiat  the  1 H"  \ 1/4"  specimens  are  subjected  to  both  reverse  bending 
and  alternate  immersion.  Temper.iture  is  conirolleil,  and  up  to  12  specimens  may  be  tested 
simultaneously.  Specimen  f.iilure  is  monitored  by  both  weight  loss  aiul  fracture.  .At  least  one 
paper  on  this  work  is  publisheil  (“Corrosion  of  .Steel  by  An  .Alternate  Immersion  .Methoil." 
Ship  Research  Institute  Voi.  1.5  No.  2,  l‘>76,  p.  7b  by  K.  Ohnaga.  S.  Naito  and  T.  Shibatat. 
The  work  is  intended  to  apply  to  problems  with  corrosion  of  the  ballast  tanks  ol  tankers  and 
ore  carriers.  I he  work  to  date  indicates  rapid  increases  in  corrosion  rate  with  increasing  water 
and  air  temperatures,  but  not  much  mtiuence  of  the  fatigue  stress. 

In  the  Division  ot  Ship  Structures  some  massive  test  facilities  were  observed.  One  test 
was  underway  ol  an  entire  section  of  ship  at  1 10  scale.  I his  ship  section  test  component, 
representative  of  an  oil  tanker,  was  subjected  to  both  bending  stresses  and  compressive 
stresses  at  the  sides,  as  would  be  encountered  in  ocean  service.  I ly draulic  jacks  were  used 
liberally  to  apply  the  desired  multiple  stresses.  M.issive  l.iligue  testing  m.ichines  were  also 
seen.  One  Schenk  l atigue  M.ichine  of  .50  ton  tension  oi  conijiression  capacity  had  been 
modified  to  provide  200  Ions  m tension  or  compression. 

On  a more  conventional  scientific  laboratory  slant,  expeiimental  aj'paraUis  lor  the 
measurement  of  stored  energy  resulting  from  low-cycle  latigue  w.is  shown.  .A  differential 
thermal  analysis  calorimeter  is  featured.  1 he  specimens  .ire  .5.5  mm  ih.imeler  rods  deformed 
by  fatigue.  No  cracking  is  involved,  hence  there  is  no  effort  to  measure  directly  f.iligue- 
|)rodiiced  stored  energy  at  irack  lips. 

Ihe  Ship  Research  Institute  Welding  and  l ubrication  Divisiim  directed  by  Dr.  A.  Kanno 
is  concerned  both  with  noii-ilestructive  lest  concepts  and,  again,  with  massive  tests  for  fatigue 
resistance  and  brittle  fracture  resistance.  Kanno  is  es|iecially  interested  in  railiographic 
lechni(|ues  to  detect  cracks.  I'llrasonic  methods  are  also  under  stinly.  I'lie  laboratory  has  a 
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300  K\'  Ik’tatroii  lor  ailvancc  railiojirapliy  of  thick  plate  and  welds  (up  to  50  mm).  Kaimo  is 
sUkUitij:  the  means  ot  measurmp  and  detecting  the  cross  section  of  natural  cracks  hy  X-ray. 

cylinder  containing  a natural  crack  is  inserted  into  a close  fit  cylindrical  hole  m a thick 
plate.  Hy  rotating  the  eyliiuler  during  radiography  Kaimo  is  trying  to  esiahlish  the  relation  of 
; defect  width  which  appears  in  the  radiograph,  with  crack  morphology  aiul  orientation. 

I'he  massive  e(iui|rment  in  the  Welding  and  l alirication  Division  features  a push-pull 
type  3000  ton  fatigue  machine  only  10  years  old.  A 15  million  electron  volt  Hetatron  is 
available  for  in-sitn  radirrgraphy  during  these  fatigue  tests  of  massive  plates  and  welds.  There 
is  also  a tensile  machine  for  brittle  fracture  tests,  maximum  cajiacity  4000  tons.  This 
machine  was  installeil  primarily  to  test  steels  for  nuclear  pressure  vessels. 

A large  test  pressure  vessel  tank,  three  meters  in  diameter,  was  shown.  This  tank  was 
being  subjected  to  hyilraulic  pressure,  and  acoustic  emissions  from  a small  submerged  notch 
were  being  studied.  A minicomputer  gives  a graphical  display  of  the  location  of  Haws.  The 
particular  detector  used  is  a Nortec  Al-  A T F'law  Detector,  NDT  256.  This  Richland, 
Washington  firm  is  at  least  one  example  id'  an  e(|uipment  sale  to  Japan.  The  Ship  Research 
Institute  has  under  construction  machines  to  test  dynamic  fracture  toughness.  These  dynamic 
tensile  brittle  fracture  machines  are  estimated  as  three  years  away. 

file  Director  (ieneral  of  the  Ship  Research  Institute,  Dr.  Ando,  is  Secretary  to  the 
j Organi/ing  Committee  ol  the  International  Symposium  on  Practical  Design  in  Ship  building 

to  lie  held  in  Fokyo  IS-20  October  J677.  This  Symposium  will  celebrate  the  80th 
anniversary  of  the  Society  of  Naval  Architects  in  Japan. 
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(k“«»rne  Sando/ 


lokyo  Instiluli.'  ()l  1 cclmology  ( lokyo  Koj:yo  Daifiakii)  characU’ri/A’s  itscH  as  tlio 

k-adiny  instiliilion  ol  Itielu-'r  loariiini;  in  tin.'  lickl  ot  L'ltginccriiif!  and  scicine  in  .lapan.  .Alter  a 
Msit  to  Imili  the  ()-okayama  and  Nafialsnta  eainpuses,  the  writer  would  not  venture  to  areue 
on  their  "ue're  numher  1"  proelanialion.  I'he  itiseussions  at  the  O-okayama  eampus  were 
prnnariK  with  Isuioimi  Mi'ri.  I’rol'essor  in  the  Departments  olMelallureical  1 npineerinL’ and 
Materials  Seienee  and  1 neineerinu.  I’rolessor  A.  Sato,  the  Assoeiale  of  I’rolessor  Mori,  also 
par  tie  I pa  ted  aelively. 

Professors  Mori  and  Sato  are  \sell  known  in  the  international  inetallurfrieal  eoninuinity 

.md  they  both  have  resuled  in  the  I’niled  Slates  for  various  periods,  notably  in  eonneeiion 

with  ,ieli\ities  at  Northwestern  I'niversity.  Professor  Mori  was  a posi-iloetorate  in  the  Civil 
I njrineerini’  I )e|Xirt ineni  at  Northwestern  I'niversity  frrim  l‘kS‘)  throuuh  |d(>l.  ||o  was  also  in 
residenee  from  I'ttis  lliroueh  1 in  the  Materials  Seienee  De|iartment.  Most  reeently.  he 
was  at  Northwestern  for  two  months  in  l‘)7.S  during  whieh  period  he  produeeil  an  ama/.ing 
lour  teehme.il  publieatioiis  in  eollaboralion  with  the  Northwestern  faeulty.  Another  two- 

montli  trip  to  .Norlhwesien?  is  selieduled  for  the  summer  of  I ‘>77.  aiul  it  will  be  interesting 

to  see  it  this  tant.islie  proiluelivity  eontinues.  To  eomplete  the  Northwestern  University 
eonneeiion.  Dr.  S.ito  obi.uneil  his  Ph.D.  there  in  Uf^l.  Professors  Mori  and  Sato  have  twai 
major  eurrent  interests:  1 ) work  hardening  and  reeovery  of  dis|X'rsion  hardened  materials, 
.ind  2)  si  less  effeets  on  martensitie  transf  ormation  ami  difl  usional  preeipitalion. 

With  respeet  to  the  first  area.  Mori  slated  that  his  early  theorelieal  .inaKses  have  led 
him  to  Ills  eurrent  experimental  aelivities.  Briefly,  he  proilueetl  a series  of  papers  beginning  in 
l‘>70  (Aefa  Mel  /,V;  'f.Vf  (l‘>70).  Aela  MelJfi:  2‘f’  (1<)72),  Aeta  Mel  21:  .171  (l‘)73). 
Materials  Seienee  aiul  I ngineering.  Ji'i  S7  ( l‘)7r)U  in  whieh  he  and  his  eollaborators  developed 
a theory  of  dispersion  hanlening  whieh  reeoneiles  ealeulalions  of  work  harilening  In 
eontinuum  nieehanies  aiul  disloealion  theory.  I’reviously  dislocation  theory  met  diffieulty  in 
hamlling  elastie  eoiislants  and  particle  morphology.  The  theorelieal  analyses  of  dispersion 
hardening  were  shown  also  to  be  ap(dieable  to  fiber-containing  material  (Aeta  Mel  21  S.S 
( I'f7.1)f. 

I he  first  expermienl.il  work  appeareil  in  l‘>75  (Aela  Met  22  S.'s  (l‘)7.S)).  Ihis  involved 
single  erystal  speeiniens  of  eoiiper-eontaming  silica  particles  (via  internal  oxidation).  Ihe 
simly  was  of  length  change  and  softening  by  reeovery  iluring  annealing  at  2()0°C.  I'he 
observations  agreed  with  Ihe  theory. 

At  present  the  work  seeks  to  explain  the  elieets  of  dispersions  of  particles  upon  creep. 
I wo  students  are  involveil,  studying  the  systems  Al  - Si  and  Cu  - Si(>2  + BeO.  Ordinarly. 
metals  are  strengthened  as  a given  amount  of  precipitate  material  is  disperseil  into  smaller 
particles;  however  Ihis  may  not  be  true  al  elevated  lem|ieratures.  Mori  aiul  his  colleagues 
have  shown,  lor  example,  that  softening  during  low  temperature  annealing  is  sensitive  to 


partick'  si/o.  A pajx'r  on  this  subject,  “I  tjccI  ol  I’articic  Sl/c  on  l,ow  ['cmpcralurc  Soltcninf’ 
of  Work  llaRlcncil  Coppcj-Silica  Crystals. " lias  been  acccptcil  lor  publication  by  Acta 
Mctallurgica.  ^Particles  2X0A  in  iliamctcr  rcsultcil  in  soCtenin};  after  20  minutes  at  42°C 
whereas  ‘)()0A  iliameter  particles  produceil  no  softeninp.  Tberelore  at  low  temperature  small 
particles  strengthen,  but  at  high  temperatures  where  creep  is  a problem  large  particles  may 
Iv  p re  I erred. 

The  student  studying  the  Al-Si  system  will  be  concerned  with  the  effects  of  one 
precipitate,  of  variable  particle  si/e  as  produced  by  heat  treatment.  The  other  student, 
studying  the  Cu  - .Si()2  + BeO  system  will  be  involved  with  a composite  dispersion.  These 
systems  are  produced  by  the  internal  oxiilation  of  Cu  - Si  - He  alloys,  which  can  be  produced 
at  the  University.  It  also  so  happens  that  the  Si()2  particles  grow  upon  annealing  whereas  the 
BeO  particles  are  rather  stable.  Thus  a material  can  be  proiluced  with  two  dispersions,  one 
with  particle  si/e  which  is  stable  and  the  other  with  particle  si/e  which  is  variable  aiul  which 
can  be  controlled.  Mori  hopes  to  demonstrate  that  a material  which  is  strong  both  at  low 
temperatures  (fine  ilispersion)  and  at  elevated  temperatures  (coarse  dispersioni  can  be 
produceil.  The  alloys  used  in  the  experiments  are,  of  course,  selected  to  simplify  the 
experimental  problems.  Hie  principles  evolved,  however,  should  be  applicable  to  the  design 
of  genuine  refractory  alloys. 

Professor  .Mori's  second  area  of  current  interest  is  the  effects  of  stress  on  martensitic 
transformation  and  on  diffusional  precipitation.  Interest  in  the  latter  process  has  focused 
about  the  F-'e-N  system.  Iron-0. 5 percent  N alloys  were  prepared  as  single  crystals.  The 
crystals  were  ijiienched  from  .Sd0°('  to  produce  a solid  solution,  then  aged  at  temperatures 
between  room  temperature  and  1()0°(‘,  either  under  stress  of  various  magnitudes,  or  free  of 
stress.  It  was  found  that  the  a “p'e|6N2  jirecipitate  which  forms  becomes  progressively  finer 
and  crystallographically  oriented  with  increasing  stress  during  aging.  Stress  in  the  |011| 
direction  produces  precipitate  disks  which  are  perpendicular  to  the  stress  if  in  tension  but 
parallel  to  the  stress  if  the  stress  is  in  compression.  Residual  stresses  also  influence 
precipitation.  This  work  is  described  in  detail  in  Kin/oku  Cakkaishi,  No.  (i  (l‘)75). 

With  respect  to  the  effects  of  stress  on  martensite  transformation.  Mori  has  shown  the 
existence  of  a temperature,  M;|,  which  is  different  from  the  martensitic  formation  tempera- 
ture Ms  which  obtains  in  the  absence  of  stress.  Deformation  of  the  metal  above  Mil  is  by 
slip,  below  Mil  by  transformation  to  martensite.  According  to  Mori  the  process  involves  the 
motion  of  partial  dislocations.  I•■urther  details  are  given  in  a series  of  papers.  See  Acta  Met  22 
.11.1  (D)74)  and  Acta  Met  24  H.S.l  (l‘)7b).  A paper  entitled  “Contribution  to  the  y - c 
I ransformation  of  Stainless  Steel  Single  Crystals,”  by  A.  Sato,  Y.  Sunaga  and  I'.  Mori  has 
Ikcii  accepted  for  publication  by  Acta  Metallurgica. 

The  visit  to  the  ()-okayatna  campus  concluded  with  a laboratory  tour.  The  highlight  was 
the  new  Hitachi  11-700  200  KV  transntission  electron  microscope,  which  features  the  routine 
attainment  of  200  KV  and  thus  offers  better  resolution. 

The  meetings  at  the  Nagatsuta  campus  took  place  at  the  Research  laboratory  of 
lYecision  Machinery  and  I lectronics,  one  of  the  research  institutes  attached  to  the  National 
Universities.  The  mission  of  this  l.ahoratory  is  to  study  the  basie  theories  in  precision 
engineering  and  their  application  to  industry.  The  laboratory  is  organized  to  foster 
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ipliiuiiA  iiiU'r.Ktion  amoiii:  precision  macliincry  engineers,  electronics  entiineers  aiul 
metalluieisis.  Ainoiii;  the  loiirteen  Divisions  of  tite  Laboratory,  the  writer  visitetl  two,  the 

M. iterials  Sciences  Division  with  I’rolessor  Sliiftetonio  Nunomnra  the  principal  contact,  and 
the  lle.it  Ire.itment  Division  w ith  I’rolessor  I oinoo  Suzuki  the  principal  contact. 

I he  visit  heg.m  with  ,i  tour  of  the  Napatsula  campus  and  the  Research  Laboratory  ol 
I’recisioii  M.ichiiierv  and  I Icctronics  in  particular.  Lhere  is  an  enormous  amount  ol 
construction  ol  rather  impressive  buihliii};  underway  at  this  new  anil  only  partially  coni|ileted 
c.impus.  I he  graduate  school  of  the  O-okayama  Campus  is  scheduled  to  move  to  the 

N. igatsuta  campus  in  D>77  and  the  Laboratory  of  I ngineerin!:  Materials  lanother  research 
institute  I 111  I 

With  the  exception  of  the  new  electron  microscope  at  the  O-okavama  ( ampus,  the 
writer  was  shown  little  m the  way  ol  sophisticated  ei|uipment.  In  one  completed  building, 
for  example,  the  hosts  pointed  to  the  spot  (verv  clean  and  very  ready)  where  the  electron 
microscope  will  go.  if  .nul  when  the  Ministry  of  I ducation  comes  up  with  the  funds. 

In  the  lle.it  Ireatment  Division  (a  relreshing  departure  from  the  vogue  of  inventing 
pretentious  titles).  I’rotessor  .Suzuki  discussed  brietly  a number  of  activities  which  are 
highlighted  as  follows: 

1 ) I iber  Coni|H)sites  one  student  is  trying  to  strengthen  polymers  with  glass  and 
carbon  fiber.  I he  goal  is  light  weight  coupled  with  high  modulus  tor  .nreratt  application.  \o 
specif  ic  results  were  described. 

2)  hi-Siiii  { 'oni|iosites  the  interest  is  in  the  effects  of  thermal  cycling  on 
directionally  solidilied  composited  such  as  ALNi^AI.  Such  cycling  produces  severe  dimen- 
sion.d ch.inges  in  aligned  phases  according  to  Suzuki.  I'his  may  complicate  the  prospective 
use  ol  sueh  materials  in  high  temperature  ap|i|ications  involving  thermal  cycling.  lhere  is 
severe  growth  .ind  twisting  of  the  AI-NitAI  composite,  for  example,  after  a few  thousand 
s-IO  minute  cycles  trom  room  temperature  to  500°('.  I he  work  being  done  involves  lower 
melting,  experinienl.illy  tractable  alloys,  but  the  hope  is  that  the  fundament. ils  of  controlling 
.md  undersl.inding  the  iliniensional  instabilities  which  are  developed  will  be  applicable  to  the 
design  ol  relr.iclorv  direetionally  solidified  composites. 

.D  I’roperlies  ol  Ni  vM  there  is  an  interest  in  studying  fundamentally  the  anomalous 
increases  m hardness  ot  tins  compound  with  increasing  temperature.  I he  hardness  of  this 
important  phase  (T)  in  high  temperature  alloys  may  increase  by  a l.iclor  of  two  or  three 
between  room  temperature  and  X()()“r.  No  speeific  results  were  described. 

4)  Hydrogen  eltecis  the  elTects  ol  hydrogen  on  properties  such  as  electrical 
resistivity  and  upon  Ms  temperature  are  l>eing  studied.  An  apparatus  to  charge  gaseous 
hydrogen  into  specimens  at  200  .itmospheres  and  .S00°('  has  been  .issembled.  An  inlern.il 
((uench  tank  is  an  added  (and  necessary)  feature.  .Suzuki  has  iniblished  a (vaper,  “I  ffect  ol 
Hydrogen  on  the  Ms  lemperature  in  l e-Ni  and  I e-Ni-C,”  l irst  .lapan  Institute  of  Met.ils 
International  Symposium  on  New  Aspects  of  Martensitic  'Lransform.ition,  Kobe.  May  10-12, 
l‘)7h  (Supplement  to  I rails.  .HM,  V |7  (l‘)7(>).  The  paiier  is  in  lollabor.ilion  with  J.  ('. 
Sliyiie  ol  the  Division  ol  Maleri.ils  Research,  National  Science  l-'ouiulation.  I'his  work,  which 
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shows  ilul  liyhroi!cn  iloi kmsos  M^,  comp;irahly  to  other  interstitial  solutes  siieli  as  ( or  N, 
was  ilone  m part  while  hoth  authors  were  at  Stanl'oril  I'niversity. 


In  the  Materials  Seienee  Division.  I’rol'essor  Nunoimira  iliseusseil  stiulies  in  latieue  sraek 
growth  r.ites  ol  alloys.  I'lie  final  is  to  relate  the  elTeets  ol  inet.ilInr.L'ieal  stmetiire  (as 
mniieneeil  In  eoinposition  .mil  heat  treatment  I aiul  sm.h  meeh.mie.il  l.ators  as  mean  loail. 
stress  intensits  laetor  range,  perioilie  overloail.  ete.  \unoimir.i  is  also  attempting  to 
ileterinine  latigiie  threshoM  rapidly  by  a programmeil  decrease  in  AK  (crack  .irrestk  At  the 
s.mie  time  he  denies  the  existence  of  a latigiie  threshold,  but  the  contradiction  appears  to  be 
a m.itter  of  dcriiiition  with  respect  to  micro  and  macro  observations.  Ilie  experiments  are 
cnrrentK  being  perrornied  with  7075  ,AI  specimens.  Crack  growth  rate  is  monitored  by  a 
Imie-I.ipse  photogr.iphy  method,  which  perhaps  highlights  the  imbalance  between  e(|uipment 
.md  buildings. 

.Another  novel  .ipproach  to  measure  the  plastic  /one  directly  in  certain  steel  alloys  was 
.ilso  described.  Hie  trick  is  to  stress  or  l.itigue  a precracked  specimen  in  the  temperature 
region  between  Ms  and  Mj.  The  increased  stress  (strain)  in  the  plastic  /one  promotes  the 
tr.msrormation  to  martensite,  and  the  martensite  then  serves  to  decorate  the  plastic  /one. 
According  to  Nunonuira  the  reverse  plastic  /one  can  also  be  delineated.  Ibis  work  has  been 
summari/ed  in  paper  entitled  “Direct  Measurement  of  I’l.istic  /.ones  in  Side  (Irooved  fracture 
roughness  Specimens’'  to  be  presented  at  the  f ourth  lnternation.il  ( ongress  on  f racture. 
Waterloo.  ( aiiada.  June  l‘)-24,  l‘)77. 
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NIPPON  KOKAN  KABLSHIKI  KAKSHA 


(ieorge  Sandoz 


Nippon  Kok.iti  K.  K.  is  one  ol  the  }>;iint  steel  nuikinj:,  ;md  sliijiliuikling  eonipunies  in 
J.ip;m.  The  eom|iany  is  also  deeply  engaged  in  heavy  imlustry  eonstrnction  and  engineering, 
pins  a few  peri|iheral  aetivities  siieh  as  lertili/er  mannracture.  Dr.  Ka/uo  Ilorikawa  w'as  the 
(>rineipal  host  for  my  visit  to  the  Teehnieal  Research  Center  in  Kawasaki,  and  itiseussions 
were  held  with  approximately  ten  other  technical  persons  as  well. 

Fhe  meeting  began  with  pirivate  discussions  with  Dr.  ilorikawa.  Technical  Counselor  to 
Nip|ion  Kokan  K.  K.  He  relateil  his  experiences  during  World  War  II  as  a Japanese  Naval 
Officer  engageil  in  industrial  pursuits,  notably  the  development  of  improved  armor  plate  for 
ships.  Me  stated  that  he  was  inviteil  to  work  with  the  D.  S.  Navy  after  the  war,  presumably 
because  of  his  accomplishments  lor  the  Japanese  Navy,  but  he  declined  in  fear  of  entering 
the  “enemy”  country  at  that  lime. 

I'ollowing  these  preliminary  amenities,  the  writer  presented  a summary  of  the  ONR- 
NRI,  research  organi/alion  ami  activities  before  a group  of  technical  specialists.  There  were 
many  i|uestions,  and  particular  interest  was  shown  in  the  operation  of  the  contract  research 
programs.  They  found  the  concepts  of  brutal  competition.  Navy  purposes  ami  the  lofty 
pursuits  of  academic  basic  researchers  difficult  to  reconcile.  This  is  perha[is  not  loo  startling 
since  some  people  in  the  United  States  are  e(|ually  baflJed. 

Dr.  Ilorikawa  reviewed  brielJy  the  activities  and  organization  ol  Nippon  Kokan  K.  K. 
Historically,  the  com|iany  was  establisheil  to  make  steel  pipe,  but  thereafter  expamleil  into 
steel  making  ami  heavy  industrial  functions.  Today  the  iron  and  steel  making  is  the  largest 
percent  of  sales  (75-HO  percent)  followed  by  ship  building  and  heavy  industry  (each  about  10 
percent  of  sales).  Approximately  20  million  tons  of  steel  are  produced  annually  at  the 
l iikuyama  Steel  Works  and  about  b million  Ions  at  the  Keihin  Works.  The  comixiny  also 
manufactures  lerroalloys  (ferrochrome  at  royama  and  ferromanganese  at  Niigata).  Ship 
buililing  is  locateil  in  three  |ilants  with  ca|iability  of  up  to  .SOO.OOO  Ion  ships  at  Isu.  IbO.OOO 
ton  ships  at  Tsurmi  ami  27,000  ton  ships  at  Shimizu.  Heavy  imiustrv'  activities  are  also 
concentrated  at  Shimizu. 

The  Kehin  Steel  Works,  built  over  bO  years  ago,  is  now  burdened  with  obsolescence 
and  pollution  problems.  Nippon  Kokan  K.  K.  is  solving  this  by  constructing  an  entirely 
modern  steel  works  at  Ogishirna,  an  artificial  island  created  in  Tokyo  Hay  In  hauling  sand 
from  C'hiba,  approximately  40  kilometers  away,  ('onnection  to  the  mainland  is  by  briilge  and 
tunnel.  When  the  new  facilities  are  completely  operational,  the  outdated  facilities  are 
scheduled  to  be  dismantleil.  There  will  be  some  consolidation  ol  facilities  for  pipe  mills  and 
part  of  the  area  will  be  soki  for  the  ilevelopment  of  the  Yokohama-Kawasaki  area. 

The  company  claims  special  strength  because  of  its  integrated  steel  making,  ship  building 
and  heavy  itidustry  interests.  Special  achievements  are  the  cotnpulerizalion  of  manufacturing 
controls,  the  ilevelopment  of  the  first  HOT  5b  inch  O.D.  pipe  mill,  the  first  100  inch  O.D. 
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spiral  weld  pipe  (l‘>75),  and  the  development  ol  continuous  casting  of  slabs,  blooms  and 
billets  directly  from  basic  oxygen  furnaces.  All  of  the  research  in  the  company  is  conducted 
at  the  Technical  Research  Center.  The  work  uiulertaken  may  he  basic,  hut  is  intended  to 
relate  to  the  three  Steel  making,  Shiphuikling  and  Heavy  liulustry  Divisions.  The  activities  are 
organized  into  six  research  ilepartments  plus  four  atlacheil  research  organizations  in  the 
Tsurumi,  Keihm,  ITikuyama  and  Tsu  areas  and  range  from  coal  research  to  steel  processing, 
steel  properties,  coatings  aiul  corrosion,  welding  ami  shiji  structures.  Product  research  related 
to  steel,  welding  and  surface  treatment  has  led  to  the  development  of  high  strength  steels  for 
ships,  construction,  tubes  and  sheets  lor  deep  ilrawmg.  There  is  pride  in  large  scale  tests  of 
welded  members  up  to  220  mm  m thickness  at  temperatures  between  -7()°C  aiui  near 
absolute  z.erii.  The  results  are  .ipjihetl  to  welding  techni(|ues  for  li()uificHl  gas  storage  vessels 
for  cryogenic  service.  Developments  of  continuous  heat  treating  and  coating  processes  have 
been  pursued.  As  a leading  pipe  manufacturer,  NKK  is  studying  plasma  welding,  l,N(i  tank 
piping  and  the  means  of  welding  complex  piping  systems. 

The  Technical  Research  ( enter  is  eipiipped  with  ,i  wiiul  tunnel  to  stiuly  the  effects  of 
wind  pressure  on  long-span  bridges  and  other  exposed  steel  structures.  Wiiul  velocity  of  0..^ 
to  50  m/sec  can  be  generated  across  a 15  m test  area.  There  is  also  a large  circulating  water 
test  tank  for  analysis  of  the  resistance  to  waves,  currents  and  pressure  in  a fatigue-producing 
motion  sequence,  foulurance  tests  on  large  hull  segments  are  nuule. 

F*resentations  were  made  by  several  members  of  the  Technical  Research  Center.  Tirst  Mr. 
1.  Matsushima  described  the  work  of  the  Corrosion  Laboratory.  Matsushima  is  a general 
corrosion  expert  and  has  publisheil  widely.  He  spent  two  years  in  the  IdoO’s  at  MTT  where 
he  published  papers  with  II.  II.  Uhlig.  Their  work  was  on  hydrogen  cracking  and  stress 
corrosion  cracking  of  stainless  and  precipitation  hartlening  steels.  At  NKK  he  has  been 
concerned  with  a number  of  problems.  T'or  example,  hc^  has  written  (Nippon  Kokan 
Technical  Report-Overseas,  Dec.  I ‘174 1 on  the  improvement  in  resistance  to  polythionic  acid 
of  stainless  steel  type  .^21  by  increasing  the  ratio  of  Ti  to  C anil  by  annealing  at  1000  to 
1 500  C.  This  corrosion  problem  was  encountered  in  the  petroleum  industry.  He  has  also 
published  on  the  subject  of  weathering  steels,  with  emphasis  on  the  structural  and 
environmental  factors  which  control  the  protective  nature  of  the  rust  film  which  forms  in 
such  alloys  (see  Corrosion  Science.  II  I 2‘)  (1‘I71)  and  Boshoku  (lijutsu,  2.1  177  (l‘>74)). 
•More  current  interests  are  on  the  cathodic  protection  of  coated  pipeline  (presented  at 
Corrosion  I 7.T  NACT)  and  the  corrosion  of  metals  in  sulfurous  exhaust  gases  from  sintering 
plants  (presented  at  Corrosion  175,  NACIi,  in  Toronto,  Canada).  Of  perhajis  greater  interest 
to  the  Navy,  he  has  studied  the  corrosion  behavior  of  metals  m geothermal  steam  power 
plants  (Trans  ISIJ,  I ft  bS‘)  ( l‘)7b)).  It  was  reported  that  resistance  to  corrosion  and  erosion  is 
improved  in  hot  water  and  steam  well  conditions  with  increasing  iiercentages  of  ehromium, 
and  little  corrosion  occurs  with  chromium  above  1.^  percent.  Weathering  and  low-alloy  steels, 
which  enhance  corrosion  resistance  in  the  atmosphere,  are  not  effective  in  this  type  of 
sc-rvice. 

Dr.  Masanori  Kawahara  of  the  Tngineering  Laboratory  described  some  of  his  work  in 
fatigue.  The  facilities  for  fatigue  studies  at  the  Technical  Center  are  excellent  from  the 
standpoint  of  large  component  testing.  Almost  every  imaginable  type  of  test  is  done,  from 
tests  of  pipe  K-joints  in  a submersilile  drilling  rig,  to  wave-effect  tests  of  critical  ship 
load-bearing  structures.  Kawahaia  has  published,  for  example,  on  the  fatigue  strength  of  a 


43 


p;irlitiilar  ship  structures  ilesijzn  (Nippon  Kokan  Technical  Report-Overseas.  Dec.  I‘05).  lie  is 
.ilso  scientitically  inclineil  ami  has  written  on  the  retarilation  ol  tatipue  crack  (.Towth  in  a 

IITHO  steel  Iroin  overloail  in  the  t'atituie  cycle  (I'ngineerinj;  Tract ure  Mechanics,  •'t 

( Very  recently  he  has  written  on  growth  oT  fatigue  cracks  from  a surface  Haw.  He 

shows  that  ll.iw  growth  from  a surface  Haw  proiluces  a ililterent  shape  crack  Iront. 

ilepenJing  on  whether  the  specimen  is  strictly  tensile  or  involves  a hemling  moment.  I his 
(.lifters  from  the  ASM!  code  which  assumes  that  both  crack  tronfs  grow  identically. 

According  to  Kawahara.  it  is  for  this  reason  that  (piite  often  plots  ol  da/dN  versus  AK 
produce  scatter  if  different  specimens  are  used.  Kawahara  has  developed  expressions  which  he 
claims  overcome  the  difficulty,  and  says  that  he  can  determine  relationships  hetween  a (crack 
depth).  b( crack  width)  and  da  AIN  in  specimens  subjecteil  to  combined  tensile  and  bending 
loads.  These  results,  which  may  be  very  important  to  an  understanding  ol  latigue  crack 
growth,  may  be  applicable  in  part  to  studies  of  crack  growth  from  stress-corrosion.  Kawahara 
(with  \1.  Kurih.ir.i ) is  presenting  this  work  before  the  4tli  International  Tracturc  Conlerence. 
\Naterloo  < anada.  I ‘>77. 

'.!r.  N.  Seki  and  Mr.  Oichi  next  described  some  problems  and  concerns  with  stress 
corrosion  cracking  and  hydrogen  embrittlement.  The  company  has  several  interests  here. 
Nitrite  stress  corrosion  cracking  is  a concern  in  the  fertilizer  trade.  Steals  of  40-60  kg/mm- 
tensile  strength  are  involved,  ( racking  from  IPS.  stress  corrosion,  and  blistering  internally 
Irom  hydrogen  .ire  of  concern  to  linepipe  steels  of  .SO-XO  and  40-60  kg/mm-  respectively. 
City  gas  tanks  of  steel  .SO-XO  kg/mm-  tensile  strength  are  subjecteil  to  ('(vCos  mixtures,  and 
stress  corrosion  may  be  a problem,  f inally  the  area  of  sea  water  and  piire  water  stress 
corrosion  cracking  is  of  interest  with  steels  of  tensile  strength  1 10-140  kg/mm 

Although  papers  on  the  stress  corrosion  cracking  of  high  strength  steel  in  (’o-(’o2 
(Nippon  Kokan  Technical  Rejiort  Overseas.  Dec.  I‘)74)  and  on  the  stress  corrosion  cracking 
of  pipeline  steel  (Proc.  5th  Int.  Cong,  on  Metallic  Corrosion.  463.  N.ACT.)  were  distributed, 
.ill  discussion  was  avoided  because  of  the  sensitive  nature  of  the  subject  matter.  A manuscript 
on  the  stress  corrosion  cracking  of  high  strength  steel  bolts  by  M.  Tanimura  and  N.  Seki  was 
discussed  (piite  freely,  however.  In  essence,  they  have  studied  the  efiects  of  notch 
morphology  on  the  value  of  K|s^;c■  Various  combinations  of  V-notch  and  slot  plus  a fatigue 
crack  (to  give  a constant  crack  depth)  were  studied.  1 he  V-notches  and  slots  serve  to  open 
u]i  the  crack  toward  the  specimen  surface.  'The  findings  were  that  crack  growth  rate  above 
K|scc  t'»'y  innuenced.  but  that  the  value  of  K|scc  's  fairly  constant. 

Not  very  much  was  heard  about  welding  but  the  Manager  of  the  Welding  I.aboratoy.  Dr. 
J.  Tanaka  did  relate  some  implant  test  results  generally.  The  implant  test  is  a notch  test 
designed  to  determine  the  strength  of  the  heat  affected  zone  of  welds.  It  is  a measure  of  the 
cold  cracking  susceptibility.  Under  stress  and  with  time  a threshold  stress  for  cracking  is 
determined  which  increases  with  temperature.  The  threshold  stress  may  also  increase  with 
lime,  which  probably  retlects  the  egress  of  hydrogen.  There  was  no  opportunity  to  tour  the 
facilities  during  the  busy  day.  I he  overall  impression  is  that  this  is  a first-class  technical 
grou|i  which  is  alert  to  the  needs  of  the  company  and  well  aware  of  what  is  going  on 
world-wide  in  related  areas. 

As  a final  comment,  NKK  notes  that  it  enjoys  a very  low  absenteeism  rate  (less  than 
one  percent)  and  relates  this  to  the  assurance  by  the  company  of  job  security,  good  pay  and 
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op|>orl unities  lor  ;ul vaiKoment.  Docs  the  hif>h  ilej:ree  ot'  |■taternallsn^  weaken  the  employees 
resolve  to  work  hanl  ’ On  the  eonirary,  says  NKK,  it  heieh!;  ns  the  resolve  to  do  the  best 
possible  jt)h.  Comparing  this  situation  with  that  in  the  I'mteil  Stales,  it  is  obvious  that  the 
bi}>  diri'erenee  is  job  seeurily.  I’erhaps  in  Japan  the  worker  iilenlities  with  the  company 
whereas  in  the  Unileil  States  company  loyally  is  less  olten  given  and  received,  the  iiuliviilual 
career  is  of  first  consideration.  Of  course,  “high  pay"  ami  “opiiortunilies  lor  advancement” 
are  subject  to  interpretation,  and  certainly,  from  outwarri  appearance  at  least,  the  United 
States  worker  is  better  off  materially.  Still,  the  industrial  success  of  the  Japanese  system  gives 
pause. 
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HA  II)  MK(  HANK  S AM)  RKI.  A I Kl)  RKSKAKt  II  A(  I IV  I I IKS  IN  KYLSHIJ 


Keslie  S.  (i.  kovas/na> 


()l  llu'  lour  m.iiii  islaiuls  of  .lapan.  Kyushu  is  the  third  m si/e  and  it  is  loeated  in  tlie 
soulliwesi  end  ol  tlie  eroup,  elosest  to  llie  Korean  I’eninsula.  t he  name  means  “nine  stales” 
m Japanese  aiul  m aneient  times  nine  indpendent  lords  ruled  it.  I'lie  island  lias  strong 
eharaeterisiies  ilial  distinguish  it  from  the  main  island  (Honshu)  liotli  eulttirally  and 
eeonomieally.  1 he  origin  ol  Japan  in  both  myth  and  areheology  is  strongly  tied  to  Kyushu. 
Most  reeentiv.  throughout  the  nearly  2.‘s()  years  ol  isolation,  tiuring  the  so-ea!led  i do  perioil 
(roughly  I b 1 0- 1 XfiO).  the  only  outside  eontaets  with  the  West  aiul  (hina  were  through  the 
port  ol  Nagasaki.  In  addition  there  may  have  been  some  illegal  eontaets,  mainly  smuggling 
aetivities  tietween  Kyusliu  and  nearby  Korea,  b urthermore.  the  dist.inee  of  Kyushu  from  the 
de  t.ieto  capital  ot  I do  (present  day  I'okyo)  loeated  on  the  eastern  end  ol  Honshu  is  alrout 
I .‘'00  km.  Iliis  dist.inee  and  the  iliftieulty  ol  the  terrain  eertainly  have  attenuated  the 
mlluenee  ol  the  liielily  eentrali/eil  governmenl  in  I do.  In  modern  times,  northern  Kyushu 
beeame  one  ot  the  higlily  industnali/.ei.l  areas  ol  Japan,  fiiimarily  due  to  the  availal'ilits  ol 
eoal.  On  the  other  hand,  western  Kyushu  with  Nagasaki  as  the  important  city  I'eeame  a 
center  lor  ship  Iniilding  ami  relateil  industries.  Most  recently,  in  the  space  age.  it  is  important 
to  note  that  all  space  launchings  are  made  from  Kyusliu.  \etually  there  are  not  one  Init  twir 
space  centers.  1 he  original  smaller  one  is  operateil  by  the  I'niversity  of  I'okyo  at  I'chinoura 
and  this  operation  is  tunded  entirely  liy  the  Ministry  ol  1 ducation  (Monbusho).  Uehinoura  is 
locateil  on  the  ru.itgeil  southern  coast  ol  Kyushu,  west  ol  K.igoshima-City.  The  newer  and 
large  .-.leility  is  tliat  ot  the  National  Space  Development  Agency.  It  is  located  on  the  island 
ot  lanegashima  about  100  km  south  ol  Kagoshima  City.  I he  l anegashima  s|iace  center  is 
tinanced  trom  the  I’rime  Minister’s  oHice  with  close  cooperation  of  the  Ministry  of  Post  and 
I elecomnuinications  as  well  as  the  Ministry  of  Transportation. 

Iliere  are  eminent  centers  ol  higher  education  in  Kyushu,  the  most  important  being  the 
I'niversity  ol  Kyushu  in  I ukuoka.  Fhe  Kyushu  Institute  ol  Technology  is  locateil  in 
Kita-Kyushu.  an  industrial  city  within  commuting  distance  ol  the  l ukuoka-Hakata  area, 
there  are  .ilso  strong  research  interests  in  IJuid  mechanics  in  the  Nagasaki  area,  primarily  at 
the  so-called  Nagas.iki  leclinical  Institute  maintained  liy  the  Mitsubishi  Heavy  industries  Ltd. 

I have  visited  all  ot  these  institutions  and  the  overall  impression  was  that  the  i|ualily  of  work 
IS  high  in  these  tar  provinces  ol  Japan.  Naturally,  there  is  a cert.iin  amount  of  isolation  and 
this  is  what  .ill  the  scientists  eomplained  alioul.  Nevertheless,  most  ol'  the  senior  people  do 
visit  lokyo  many  limes  during  each  year.  The  siluatii  .i  can  be  compared  to  I'rance  where 
the  institutions  located  .it  a ci'inparable  distance  I'roin  Paris  are  somewhat  isolated  but  still 
keep  suH'icienl  contail  with  the  capital.  Hut  let  us  look  at  the  individual  institutions. 

TUI  IJNIVI  KSITY  Ol  KYUSHU 

rtie  University  of  Kyushu  is  a national  university  and  it  is  located  in  I'ukiioka  on  the 
north  coast  ol  Kyushu,  relatively  close  to  the  point  ol  contact  with  Honshu,  the  main  island, 
rtiere  is  both  highway  and  railway  communication  I'rorn  Honshu  to  Kyushu  using  undersea 
tunnels  near  Shimonoseki  on  the  western  tip  of  Honshu.  I'ukiioka  and  llakala  are  twin  cities 
served  liy  a common  transportation  system.  I hey  have  an  international  airiiort  with  about 


46 


X-IO  il;iily  llifilils  to  Tokyo  .nul  alioiit  hall  oT  those  llights  use  |umho  lets.  The  ilemaiul  is  so 
large  that  irraetieally  all  llights  are  Tull.  In  aihlition,  the  railroad  station  ol  llakata  is  the 
western  terminal  point  oT  the  tainous  Shinkansen  (super  express  or  bullet  tram)  system  that 
brought  the  1 lakata-Tukuoka  area  within  only  a seven  hour  train  ride  Iroin  Tokyo.  ( I he 

ilistanee  is  I0()‘)  km  or  about  700  miles.)  Trains  are  available  more  frei|uently  than  onee  an 

hour  during  the  daytime,  and  the  number  oT  passengers  earried  daily  Irom  Kyushu  to  Tokyo 
IS  111  the  order  of  100.000.  1 ukuoka  is  a city  oT  about  a million  people,  it  is  modern  and 
busy  m appearance  aiul.  as  it  was  explained  to  me,  it  has  never  sultered  fn’in  either 
eartlu]uakes  or  floods,  an  important  distinction  lor  a city  in  .lapan.  Ihe  I'niversity  ol  Kyushu 
was  founded  in  I‘>)1  as  Kyushu  Imperial  Ihiiversity  with  only  two  laculties:  Metlicine  and 
t ngineering.  After  World  War  II  it  was  reorganized  and  presently  there  are  ten  faculties  with 

the  corresponding  ten  divisions  of  the  graduate  school.  These  are  literature,  education,  law, 

economics,  science,  medicine,  ilentisiry,  pharmaceutical  sciences,  engineering,  and  agriculture. 
In  addition  there  are  the  following  iiulependent  research  institutes; 

Institute  of  Balneotherapeutics  (strongly  intluenced  by  the  ample  hot  spring  resources  of 
Kyushu);  Research  Institute  of  Applieil  Mechanics,  with  the  Sea  Safety  T.aboratory;  Research 
Institute  ol  liiilustry  and  l..ibor;  and  Research  Institute  of  Industrial  Science  (dealing  imv.tely 
with  problems  of  coal  aiul  energy)  which  includes  the  Kujyu  (!eothermy  Lalniratory. 

I'he  Research  Institute  lor  Applied  Mechanics  has  five  divisions;  1 luid  Research,  SolitI 
Mechanics,  Sea  Disaster.  High  1 nergy  Mechanics.  Ocean  and  Tnvironment  Research.  In 
addition,  there  is  the  Tsuyu/.aki  Sea  Safety  Research  Talioratory  localcil  oft  campus  m 
Miyaji,  about  2.“i  km  north  ol  l iikuoka  Oily.  Ihe  objective  of  the  Sc.i  Safely  l .iboratory  is 
to  conduct  experimental  research  in  those  branches  of  aiiplied  mechanics  that  are  relevant  to 
the  safety  of  vessels,  or  to  the  effectiveness  of  brcakw.iters  ,md  other  seaside  and  ocean 
structures  iluring  violent  storms  or  large  waves.  To  carry  out  such  rese.irch  acliviiies  there  is  ,i 
large  experimental  water  tank,  various  testing  machines  for  solid  mechanics,  as  well  as  low 
speed  wiiul  tunnels.  There  is  also  a small  air-water  interface  tacility  with  associ.ited  measuring 
ei|uipment. 

The  director  of  the  Research  Inslituie  of  Applied  Mechanics  is  chosen  by  election  from 
the  senior  professors  and  he  serves  for  a three-year  term.  Ihe  |iresent  director.  I’rofessor 
Tuku/.o  I'asai,  received  me  cordially  at  the  Institute.  Before  he  assumed  the  directorship,  he 
was  the  cliief  of  the  Isuyuzaki  Sea  Safety  Research  l aboratory  and  w.is  mostly  concerned 
with  the  sea-keeping  (piality  of  ships.  The  previous  director  who  served  two  terms  betore 
I’rofessor  Tasai  was  better  known  to  me  from  my  previvnis  contacts.  He  is  I’rofessor  .lun-ichi 
Okabe,  active  in  hydroilynamics  research.  The  statf  vit  the  Institute  consists  of  about  10-12 
tull  professors  with  about  the  same  number  ot  associate  professors  and  a smaller  number  ol 
lecturers  anil  assistants,  a total  academic  stall  in  the  order  of  50.  The  lot.d  personnel  of  the 
Institute  is  about  100. 

Probably  the  most  fascinating  work  in  Iluid  mechanics  is  being  c.irried  out  by  I’rolessor 
Sadatoshi  Taiieda  with  his  close  collaborator.  Associate  I’rolessor  11.  Honii.  I hey  published 
about  .10  papers  in  the  last  live  years  both  in  Japan  and  .ibroad.  Their  prmcip.il  approach  is 
experimental  and  their  main  theme  ol  research  is  unsteady  How  .iround  solid  bodies, 
especially  in  those  cases  where  vorticity  and  viscosity  both  pl.iy  import. ml  roles.  I’rolessor 
laneda  extensively  uses  flow  visualization  tcchni(|ues.  These  may  involve  either  smoke  tracers 


in  .111  or  ;ilU‘rn;iti.-ly  ilyo  triiccr  or  hy liroucn  buhhles  in  wiilcr.  I kisli  or  stroboscopic  liiihtinf: 
•irc  tiolh  nlili/cil.  well  sy nclironi/cd  with  the  periodic  motion.  Anionji  tlic  various  contlyura- 
tioiis  explored,  wake  vortices  played  a prominent  role.  When  studying  Hows  around  rotating 
eximders.  the  so-e.illerl  “negative  Magnus  elTeet”  was  doeumenterl.  Drag  on  oscillating 
exhnders.  the  How  arouiul  accelerating  cylinders,  were  both  ex|iloreil  in  detail.  The 
development  ot  boundary  layer  instability  was  lollowed  through  with  How  visuali/ation. 
\ortex  rings  or  their  two  dimensional  eiiuivalent,  vortex  pairs  with  eciual  and  opposite 
..ireulation.  were  explored  in  a number  ol  eonrigurations.  The  propagation  ol  gravity  waves 
■ind  the  boundary  layers  ereateil  by  them  on  the  bottom  were  also  stiulied.  An  impulsively 
started  elliptic  cylinder  having  a finite  angle  of  incidence  served  to  demonstrate  the' 
devcloinnent  of  starting  vortices  behiiul  airfoils  and  the  dramatic  innuence  of  viscosity  on  all 
these  phenomena  was  clearly  shown.  An  interesting  experiment  was  shown  to  me  on  the  How 
around  a waving  plate.  In  tact,  the  behavior  of  the  perioilic  waving  of  a Hag  in  the  wind  was 
stiklied  by  How  visuali/ation.  F'lie  behavior  of  tracer  particles  produced  by  electrolysis  of 
w.iter  and  utilized  in  How  visuali/ation  was  also  recently  studied.  During  his  long  career 
Professor  lanetla.  in  collaboration  with  Dr.  Ilonji,  has  developed  a “Kyushu  school  of  Huid 
mechanics."  I'hey  produced  a number  of  graduates  who  adoptcHl  Taneda’s  careful  techni(]ues 
for  trying  to  understaiul  unsteaily  Hows.  Professor  'I'anerla  recently  gave  a summary  of  his 
wtrrk  illustrated  with  very  beautiful  pictures  at  the  ld76  lUI  AM  Congress  in  Delft,  Holland 
learly  September  I 976). 

I ormer  director  Professor  .lun-ichi  Okabe  works  mostly  on  theoretical  lluiii  mechanics. 
I'roblems  lie  lias  treated  include  water  waves  such  as  (he  determination  of  the  exact  shape  of 
solitary  waves  of  large  amplitude.  Problems  concerning  the  role  of  friction  on  the  bottom  of 
a tiilal  basin,  boundary  layers  developing  on  ship  hulls,  also  were  treated  by  him.  In  .iddition, 
Okabe  developed  a slender  boily  theory  for  ships,  and  his  last  publication  contains  ,i  new 
experimental  approach  to  follow  the  swimming  motion  ol  a fish  in  w.ilerways. 

Leaving  the  Institute  of  Applied  Mechanics,  the  l acultv  ol  1 ngineering  was  visited.  It  has 
a total  of  18  ilepartments.  Of  all  those,  only  one  was  visited,  the  Department  of  .\cronaulicN, 
as  It  has  significant  lluiil  mechanical  interests. 

In  the  Dejiartment  of  Aeronautics  I called  on  Prolessor  \1.  Iwasaki.  Ills  interest  is  m 
high  Mach  number  Hows.  Me  has  built  a combustion  driven  shock  tube  tunnel  reaching  M.ich 
numbers  up  to  about  seven  anil  stagnation  temperatures  up  to  the  order  of  7.()00°K.  I'he 
working  section  is  about  10  cm  in  diameter  so  only  small  models  can  be  studied.  Since  at  the 
high  temperatures  the  working  gas  is  ionized,  the  effect  of  an  imposed  magnetic  field  on  the 
How  was  obtained  ()uantitalively.  The  effect  studied  is  an  increase  of  the  shock  stand-off 
distance,  and  it  was  determined  as  a function  of  the  imposed  magnetic  field  strength. 

I’rofessor  M.  llayashi  works  on  the  other  end  of  the  Mach  number  scale,  namely  at  low 
speed,  essentially  in  incompressible  How.  Me  is  concerned  with  How  around  blunt  bodies 
when  How  separation  is  important.  I'hese  Hows  are  being  studied  in  configurations  that 
suggest  vehicles,  buildings,  bridges,  or  similar  structures.  Professor  llayashi  systematically 
studied  configurations  of  two  or  three  bodies  in  tandem  in  order  to  determine  the  interaction 
between  those  bodies  and  optimum  spacing  for  minimum  inlluence.  Mis  results  have  shown 
that  there  are  indeed  possible  savings  on  tlie  drag  of  such  structures. 
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KYDSMi:  INSTITUTE  OE  TlCIINOL()(.Y  (KYUSHU  KODAI) 


l.ix-aled  in  tlic  industrial  city  ot  Kita-Kyuslni  is  Kyushu  Institute  ol  leclinoloy’y 
(Kyushu  Koiiai),  an  institution  dcdi^atcil  to  unilcriiraduatc  cnijinecrint:  education.  The 
Department  ot  Meclianieal  I neineering  admits  about  HtJ  undergraduate  stiKienls  each  year  lor 
a four-year  proeram  and  also  about  15-lb  grailuate  stuilents  for  a twevycar  Master's  dejiree 
program.  Professor  \.  Jutaki  with  .Associate  Prolessor  Y.  lomit.i  are  concentrating  on  the 
study  of  two-phase  Hows  and  their  application  to  powder  technology.  In  their  case  two-phase 
means  soliil-gas  mixture  where  the  solid  jiarticles  are  carrieil  by  air  (low.  The  particular 
problems  under  investigation  are  the  following: 

a)  Vertical  transport; 

Phis  problem  is  mainly  concerned  with  the  iiressure  drop  necessary  to  pump  a 
powder-air  mixture. 

b)  The  performance  of  a blow-tank; 

Phis  is  an  important  apidied  |iroblem  and  the  role  of  research  is  to  explain  the  innuence 
of  ilesign  parameters. 

c>  Plug  How  of  solids  in  iiori/ontal  pipes; 

The  static  and  dynamic  friction  of  the  solid  phase  on  the  pipe  walls  ccmtrols  the 
phenomenon,  even  i|ualitatively. 

dl  Pressure  loss  due  to  a siulden  enlargement  of  a duct; 

This  IS  a common  problem  in  powder  technology  and  a number  of  configur.itions  were 
explored. 

In  addition  to  the  problems  centered  around  powder  technology.  Dr.  lomita  was 
working  on  an  attempt  to  preilict  the  effect  of  long  chain  molecule  drag  reducing  additives  m 
turbulent  boundary  layers  using  instability  conderations.  lie  has  presented  a pa|ier  on  the 
subject  at  the  Washington  lUP.AM  Symposium  on  Drag  Reducing  Additives  and  Purbulent 
•Structure  ( Keference:f>.V/^  Tokyo  Sck'iitijii  liullciin  Tol.  I \o.  2). 

Professor  P.  Masuoka  showed  me  heat  transfer  experiments  using  shailowgraph  tc,h- 
niques,  aiul  Professor  Y.  Nishi  demonstrated  his  experiment  on  floes  m rot.il  ing  cy  hnders.  In 
the  more  ap|a|ietl  area  he  alsi)  experiments  with  mixed  flove  pumping. 

Kyshu  Institute  of  lechnology  has  a modest  Master's  ilegree  I'logram  but  it  does  not 
have  a doctoral  program  at  the  moment;  with  contmueil  iiuprovcment  ol  the  rese.irch  posture 
of  their  faculty  they  hope  to  introduce  it  in  the  foreseeable  luture. 
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MlISl  UlSIll  Ml  W 'l  INDIISTRII  S I II)  - \ \(,  \SAKI  TK  HM(  \l  INSTIIUTI 


III  al\  on  iIk-  west  co:isl  o1  Kviisliu.  llu'  Mitsubishi  ( om|xiin  li.is  j very  larjie 

^hl|nar^.l  wliere  some  ol  tlie  worlil's  largest  tankers  were  built.  \'isitors  are  always  shown  the 
two  1,1)00  ion  eapaeilv  eranes  so  that  by  using  both  ol  them.  2.000  ton  pieces  can  be  lilted 
.md  placed  accurateh  during  ship  building  construction.  Ihe  Milsubishi  Company  also  has  a 
laboratorc  complex  called  Nagasaki  rechnical  Institute  that  serves  to  carry  out  large  scale 
industrial  research  lor  Ihe  company  and  in  addition  to  do  some  research  tor  outside 
customers. 

Within  the  Nagasaki  lechnical  Institute  there  are  a total  ol  20  separate  lalxiratories  all 
located  in  Ihe  general  Nagasaki  area.  Many  ol  these  are  concerned  with  material  sciences  and 
in  addition  several  of  them  deal  with  some  very  applied  problems  in  industrial  research,  e.g.. 
welding  research  laboratory,  chemical  research  labortitory.  computer  tipplication  research 
laboralorc.  etc.  iierc  we  are  concerned  primarily  with  lluid  mechanics  so  llic  main  attraction 
IS  the  aero-hs  draulics  research  laboratory  headeil  by  an  extremely  ilynamic  person.  Dr.  N. 
Ckeguchi.  He  is  a relatoely  young  leailcr  who  oversees  a group  of  highly  ir.imeil  research 
engineers. 

At  Mitsubishi,  lluid  mechanics  has  two  major  impact  areas  in  the  problems  lacing  such  a 
kirge  mduslri.il  giant,  hirst,  pollution  becomes  an  ever  increasing  problem  when  locating  a 
(W.mf  in  .‘iigh/y  pofnihited  .ires  /tlial  mc.ms  practically  everywhere  in  .lapan).  so  the  simulation 
ol  both  the  tcrr.iin  .iiul  the  over.ill  turbulent  dilTusivity  of  the  atmospheric  boundary  layer  is 
impcr.itive  in  any  modern  experiment.  In  order  to  carry  out  such  an  important  |irogr.itn. 
there  are  both  large  and  medium  si/e  wind  tunnels.  The  largest  wind  tunnel  has  a working 
scilion  with  a 10  m x .1  m cross-section  and  a length  oh  abmit  20  m.  Ihe  group  h.is 
developed  teclmiijuec  lor  Ihe  measurement  of  concentration  of  a simulated  pollutant.  In 
order  to  h.ive  .i  good  “pascive”  civntaminant.  ammonia  gas  is  used  ,is  a polluting  .igent 
bec.tiisc  the  measurement  ol  its  concentration  is  relatively  easy.  When  modeling  the  pl.int  site 
ovei  a vari.iblc  terrtiin  the  siimil.ition  ol  the  vertic.il  density  gradient  is  not  ver\  practical,  so 
mste.id  ol  that  i|uantity  the  turbulent  din'iisivit ics  .ire  simulaletl  by  using  .in  internationally 
accepted  ttiblc  connecting  the  .itmospheric  lapse  rate  with  the  turbulent  dilhusivity  observed, 
Ihc  proper  v.iri.ition  ol  the  dilTusivity  is  achieved  by  placing  variable  solidity  aiul  v.iriable 
mesh  turbulence  grills  belore  the  working  section,  and  verilication  of  the  ditiusivities  v. 
obt. lined  is  done  by  measuring  the  spreading  ol  .i  simple  plume.  Since  tiu  proceilure  lor  such 
a simulation  is  well  established,  the  services  ol  Ihe  group  are  “markeled’'  by  the  Mitsubishi 
(omi'any.  .Any  company  oi  agency  c.in  contr.icl  a study  of  their  plant  site  and  .i 
measurement  ol  pollulani  concentration  is  perrortned  on  the  topographical  model  of  the  new 
site.  In  addition  to  the  experiments  .limed  .it  predicting  pollution,  additional  wind  tunnel 
experiments  .ire  being  c.irried  out  studying  wind  induced  vibrations  in  very  large  scale 
structures.  A proper  dyn.miic  modeling  (both  in  inertial  .mil  m elastic  properties)  reipiires  the 
use  ot  expensive  models  that  are  pre|iared  on  the  premises  in  the  attached  workshops.  There 
.ire  .1  number  ol  sni.iller  wind  lumiels  and  in  laci  many  ol  Ihe  more  basic  type  pollutiim 
experimenls  ,ire  c.irried  out  in  those  sm.illcr  wind  tunnels.  A good  exainjile  ot'  those  has  a 
working  section  only  2 m x .1  m m cross  section  and  10-20  m in  length.  As  mentioned  above 
.immoni;i  gas  is  used  as  .i  cont.iminanl.  The  concentration  distribution  contours  oT  ammonia 
are  obtained  by  using  concentration  with  a semi-automated  tracing. 
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Anothoi  unporl;inl  I.KiliIy  is  llif  \.it!.isaki  T xpormu'iH.il  lank,  lliis  is  really  not  one  but 
a pair  ol  laree  towinu  tanks,  one  ol  tlieni  I(i5  m \ 12.5  in  and  tlie  other  line  120  ni  x 6.1 
m.  both  are  deilieated  to  sliip  model  townie.  An  even  more  interesting  lacility  is  the 
Seakeepm.e  .md  Manoeiiverm.e  Basin.  1 here  are  two  ol  those,  one  ol  them  is  l(i0  m \ 30  m 
and  other  one  60  m x 60  m,  I hese  tanks  are  eiptipped  with  two  .erou|>s  ol  wave-makers.  One 
set  IS  installed  .dong  two  adi.ieeiit  sules  and  thus  ereates  waves  siniiil.itmg  rough  sea  lor  the 
ship  models.  In  the  maneiuermg  basins  tests  on  tree  nuulels  are  earrieil  out  by  means  ot 
radio  eontrol  ol  the  rudtler  position  .md  the  K.I’.M.  ol  the  propeller.  I he  models  ean  be 
i.ipidK  aeeeler.iteil  by  a towing  e.irriage  il  sueh  a mode  ol  o|rer.ition  is  neeess.iry.  I he 
posiiion  ol  Ihe  model  is  loe.iled  by  an  aeoustie  position  ileteetmg  svstein  aiul  is  plotted 
.luti'inat le.illy  b\  .i  digit.il  eomputer.  With  the  use  ot  these  new  basins  the  aseurate  evaluation 
ot  wave  torm  .iiul  extensive  studv’  ol  ship's  motion  ean  be  made  m oriler  to  meet  the 
demaiul  lor  optimi/.ition  ol  navigation  salety  . I hese  taeihties  were  eonipleted  as  reeently  as 
1672  and  they  are  rather  modern  laeilities  unir|ue  in  the  whole  Pacilie  area. 

l ANK.  ASHIM  A SI' AH  C IM  I R 

Ihe  .l.ip.mese  Space  program  is  modest  m its  goals  when  compared  with  the  I'.S.  or  the 
I .S.S.K..  but  the  .inn  is  to  obtain  experience  in  the  high  (|u.ility  technology  connected  with 
sp.iee  rese.ireh.  They  appe.ir  to  aim  less  at  .lehieving  high  prestige  "space  spect.icul.irs."  but 
r.ither  more  .it  developing  eompetenee  in  the  relevant  technohrgy.  lechnical  descriptions  ol 
the  .l.ip.mese  space  elTort  are  reailily  available  in  the  li.S.  <lue  to  the  close  cxroperation 
between  N.AS  \ .md  the  lapanese  Space  Development  Agency.  ( onsei|uentl\  the  purpose  ot 
the  present  discussion  is  r.ither  to  give  the  impressions  ol  someone  who  is  not  a sp.ice 
technology  speci.ihst  bul  an  .leademic  type  tluid  mechanics  research  man.  In  1 6po  1 visited 
the  I niveisity  ol  Tokyo  Space  Center  m I'chinour.i  and  witnessed  the  l.iunching  of  small 
we.itliei  rockets  so  this  time  it  did  not  .ippear  to  be  important  to  revisit  that  site.  Instead  I 
nude  .1  sin.ill  detour  to  the  newer  and  larger  I aiieg.ishim.i  ( enter.  1 .ineg.ishmia  is  .m  isl.md 
.ibout  40  km  long  aiul  10  km  wide.  Its  only  .iirport  is  about  100  km  Irom  the  Kagoshima 
lnterii.ition.il  .\irport.  There  are  several  d.iily  llights  Irom  K.igoshim.i  using  only  sin. ill 
aiicr.ilt.  Although  the  climate  ol  I .me.eashim.i  is  good,  it  is  not  an  import.int  resort  area  in 
contrast  with  its  dose  neighbor  'I'.ikushima.  mainly  because  the  latter  has  hi.uh  mountains 
. .md  1000-year  old  cellar  (.l.ip.mese  Sugi)  trees.  Ihe  l.irmers  ot  I .meg.ishim.i  eng.ige  m 

* semi-lropic.il  .igricult ure.  Il  is  one  ol  the  lew  are. is  in  .l.ip.in  where  sugar  e.me  is  cultivated  as 

‘ a regul.ii  commercial  crop.  Due  to  the  mild  clim.ite.  rice  ean  be  h.irvesled  twice  .i  ye.ir.  At 

' I .inegashima  Airport,  when  looking  .it  the  tourist  brochures  .ivail.ible  lor  Ihe  .l.ip.mese 

1 liavelliiig  publie,  one  notices  th.il  Ihe  principal  lourisl  altr.iclion  ol  Ihe  isl.md  is  .i  bus  tour 

I ol  the  Space  ( enter's  lacilities. 

i ( uriously  enough  the  s|\iee  .iclivities  .ire  limited  to  two  short  “open  se.isons"  each  ye.ir 

I One  IS  .iiouiid  .August-September.  the  other  around  late  l.iiiu.iiy  .md  Tebru.iry . The  reason  Tor 

this  euiioiis  schedule  is  a long  argueil  truce  between  the  Sp.iee  Agency  and  the  Tisherm.iiTs 
union.  Ihe  two  periods  when  launching  is  permilted  were  .igreed  upon  as  .i  compromise 
between  .i  lot.il  ban  reipiested  by  the  lishermen  picketing  the  ne.irby  oce.m  with  Iheir  Tishmg 
cr.ilt  .md  the  government  which  had  no  reasonable  allernate  site  .iv.iil.ible  lor  launehmg.  As  .i 
lesull  there  is  .i  long  "olT-season’'  most  ol  Ihe  year  when  there  .ire  only  .i  Tew  hundred 
employees  on  the  island  occupying  themselves  with  mamlen.ince  oT  Ihe  Tacilities  .iiul  with 
some  ground  testing  ol  rocketry.  On  Ihe  other  h.ind  during  the  "open-se.ison"  Ihe  perm.menl 
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(.rou  acts  as  host  aiul  coordinator  to  the  contractor's  personnel  wlu)  are  oiseinhling  and 
operaline  tlie  e<|iiipment  hrouj’ht  in  from  tlte  industrial  areas  on  Honshu.  The  various 
facilities  were  shown  to  me  hy  Dr.  II.  Sakaki,  Director  of  the  Tanefiashima  Ceiuer  Besides 
the  actual  launching  sites  (Osaki  l.aunch  Site  and  Takesaki  laiunch  Site)  there  are  a nurnher 
of  telemetering  and  tracking  stations  scattered  around  the  island  as  far  as  20-30  km  from 
each  other.  The  Nogi  Radar  Station  is  in  the  northern  part  ot  the  island  while  Uchugaoka 
(literally  Space  Hill  in  Japanese)  Radar  Station  is  in  the  south  as  are  a lew'  more  minor  sites. 

The  southern  tip  of  the  island  is  famous  for  an  earlier  technological  feat  in  the  Ihth 
centurv  ( 1 ,s43  is  the  presumed  date).  ,A  I’ortuguese  ship  was  waslted  ashore  near  the  southern 
tip  of  the  islaiul.  Ihe  Rortuguese  spent  several  months  repairing  their  sliip.  They  hefriended 
the  local  people  who  admireil  their  marvelous  weapon,  firearms.  The  local  Daimyo  (feudal 
lord  of  the  island)  bought  two  of  the  guns  at  a very  steep  price  anil  then  ordered  the  village 
hlacksniith  to  duplicate  them.  When  the  hlacksmith  began  to  encounter  tecimological 
difficulties  (the  lock  mechanism  was  difficult  to  duplicate)  he  approached  the  Portuguese 
who  appearctl  to  be  the  most  knowledgeable  of  the  crew  and  offered  him  his  own  daughter 
in  return  for  the  technology.  The  Portuguese  expert  gladly  accepted  aiuI  according  to  the 
local  tradition  the  girl  sailed  away  with  the  Portuguese  when  their  reconditioned  ship  became 
again  seaworthy  after  a few  months  of  repair.  Alter  that  for  some  time,  the  Japanese  called 
fiiearms  by  the  name  of  “I  anegashima  teppo"  (the  word  "teppo"  implies  iron  wrapped 
around).  Ihe  event  is  recorded  on  the  stone  monument  at  the  southern  tip  of  the  island  and 
I could  not  help  but  pause  for  a moment  and  think  about  the  intricacies  of  "technologv 
transfer."  a current  term  much  heard  around  the  world  and  the  simple  solution  thev  lound 
111  lanegashima. 
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H i ll)  MKCHAMCS  IN  BAMiAl.ORK,  INDIA 


Leslie  S.  (i.  kovas/na> 

Bangalore,  one  oi  the  most  attractive  cities  in  Imiia.  is  located  in  the  tropics  at  northern 
latitude  12°.  It  IS  inlaiul  on  the  Deccan  Plateau  at  appro,\imately  .LOOO  teet  altitude  so  it  has 
a healthy,  pleasant  climate.  Bangalore  was  also  lortunate  with  its  urban  development.  The 
city  is  located  in  the  former  Mysore  State  which  presently,  with  some  changes  in  its 
territorial  boundary,  became  the  State  ot  Karnataka  and  in  fact  Bangalore  is  the  state  capital. 
The  area  is  fortunate  in  many  ways:  first  the  Maharaja  of  Mysore  was  often  a liberal  and 
enlightened  ruler;  furthermore  the  southern  portion  ot  the  state  where  Bangalore  is  located 
had  a long  tradition  of  irrigation  projects  even  before  the  British  rule  so  it  was  ami  still  is  a 
relatively  prosperous  area  of  India.  During  the  British  rule,  it  was  the  home  of  a large 
militarv  garrison,  so  it  had  a certain  measure  of  onier  and  prosperity;  also,  because  ot  its 
pleasant  climate,  many  British  officers  retired  in  Bangalore.  In  recent  times,  a large  number  ot 
research  activities,  both  government  and  private  (e.g..  the  S.k.P.  Drug  Company's  research 
laboratory),  is  located  m the  area.  The  city  has  wide  streets,  nice  residential  areas,  so  it 
became  one  ot  the  most  attractive  places  to  live  in  India. 

In  Bangalore,  there  are  two  major  and  several  minor  institutions  which  all  have  some 
research  program  in  the  general  area  of  tluid  mechanics  or  m one  ol  its  engineering 
applications.  The  two  major  institutions  are  the  Indian  Institute  ol  Science  and  the  National 
.Aeronautical  f.aboratory.  In  adilition.  there  is  tluid  mechanics  interest  at  the  Hindustan 
Aircraft  Company  and  also  at  ISKO  (Indian  Space  Research  Organi/.ation ).  both  located  in 
Greater  Bangalore. 

INDIAN  INSTITIJTL  OF  SCTENCt 

Accouling  to  the  opinion  of  many  scientists  visiting  India,  the  liuli.iii  Institute  ot 
Science  is  the  most  prestigious  academic  institution  in  the  entire  country.  The  history  of  its 
development  is  rather  interesting,  it  was  founded  by  the  endowment  of  a prominent  member 
of  the  T.ATA  family  (they  are  often  referreil  to  as  the  Rockefellers  of  India).  Jamsetii 
Nusserwanji  Tata  was  a parsee*  Iroin  the  city  ol  Bombay,  a man  of  not  only  great  wealth, 
hut  also  of  great  vision.  On  September  IS,  lS‘tX.  he  decided  to  commit  a signilicant  portion 
of  his  fortune  to  an  endowment  fund  to  establish  a research  institute  lor  science.  He  died  in 
l‘K}4  but  long  before  that  he  set  up  the  proper  mechanism  to  launch  the  future  institute,  it 
betaine  a three-way  partnershi|v  the  T.ita  family  gave  the  funds,  the  Maharaia  of  Mysore  gave 
an  attractive  land  site  (,C?2  acres  in  Bangalore  city),  aiul  the  Government  of  liulia  passed 
special  legislation  to  create  the  appropriate  st.itus  lor  the  new  institution.  The  Institute  began 


• I he  parsee  is  a small  elhnii  ami  relikiious  niinorits  ul  rersun  oru’in.  Ollen  tlie>  aie  men  ot  treat  vseallh  ami  culture. 
Ihe>  marry  onl>  \siihin  their  own  ^rroup  ami  <lo  n»»t  wekome  ^.nnverls  there  are  about  Hn.O(M)  and  about  HU  percent  ol  litem 
live  in  the  eit>  ol  Hombav.  Ihey  are  best  known  lor  their  unusual  custom  koneormny  their  dead.  Mie  “towers  ot  silence” 
are  well  known  to  the  visitors  ol  ii«unha>.  Iliese  are  ciryular  t<»wers  with  an  inverted  cone-shaped  interior  somewhat  like  an 
ampliitlieater.  I'nseen  Irom  the  «>ulside  tlie  dead  are  dep<»sited  there  to  be  devoured  b>  the  waitiny  vultures  until  onlv  the 
clean  bones  remain. 
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tiiiKlii'iung  m I'Ml  vMlh  two  ticpartmonts  only;  one  was  iiciuTal  .mil  appliol  chi’iiiistry  and 
till'  other  I'li-i  trieal  ti-clinoloii> . Dnrini:  the  siihsei|uent  two-thirds  ol  .1  century,  the  Institute 
crew  to  .m  inipressiie  si/e.  In  recent  time,  it  receives  sicnilieant  eontrilnitions  trom  the 
Indi.m  N.ition.d  (io\ernment  so  it  has  reached  the  point  where  the  annual  operating  Inidget. 
exclusive  ol  eapil.il  expenditures  is  m the  order  of  25  million  Ks.  (al'out  three  million  1'.  S. 
doll.irsi,  I he  .imouni  is  (piite  sigmiieant  espeeialK  it  the  large  ditlerenee  helween  Indian 
.leademie  salaries  and  those  in  the  rmled  Stales  is  t.iken  into  aeeount.  In  India  they  amount 
to  .ihout  the  same  mimher  ol  rupees  as  dolhirs  in  the  Uniteil  States;  during  my  visit,  the  rate 
of  exchange  was  SI. 00  = Rs.8.75.  which  shows  the  difference  to  be  almost  nine  to  one. 

I’resenth  tliere  ;ire  20  departments  in  the  Institute  with  a total  student  enrollment  ol 
over  (>00  and  with  a total  research  sl;iff  of  about  .580.  These  also  include  alrout  100 
professors.  The  lndi;m  Institute  of  Science  is  a university  in  the  legal  sense,  but  it  is  primarily 
.1  gradu.ite  school  ;md  a research  institution,  although  three  ot  its  departments  do  oiler 
undergr.idii.ite  progr;ims  because  of  the  urgent  need  in  India.  Looking  ;it  the  ipiality  ol  tlie 
st;iff.  one  is  impressed  by  the  very  large  portion  of  the  members  who  h.ive  oblaineil  .idvanced 
degrees  abroad,  immy  among  them  at  the  most  prestigious  universitites  in  the  1'.  S.  and 
Turope.  The  stnmgly  international  llavor  is  further  enhanced  by  the  large  numbers  ol  foreign 
visitors,  both  of  short  ,md  long  term.  The  Institute  provides  accommodations  for  the  visitors 
111  .111  attractive  guest  house  that  serves  also  as  a kind  ol  laculty  club.  During  my  one  week 
st;i>  there.  I met  many  import.mt  foreign  visiting  scientists.  1 he  Institute  le.iiis  heavily 
toward  the  physical  sciences  and  engineering  although  the  biological  sciences  are  increasingly 
represented.  In  many  ways  it  has  a strong  resemblance  to  the  ( alilornia  Institute  of 
leehnology  in  I’asadeiia.  This  is  no  accident  since  the  present  director.  I’rolessor  S.itish 
Dhawaii.  is  a ( al.  Tech.  Ph.l).  ,\Do  a number  of  the  faculty  in  the  .Xeronautical  1 iigineering 
Department  received  graduate  degrees  at  ('al.  Tech.  It  should  be  mentioned  that  I’rotessor 
Dhawaii  is  not  only  the  Director  of  the  Indian  Institute  of  Science  but  also  has  a cabinet 
post  in  the  Indian  {iovernment . he  is  Secretary  for  Space  reporting  directly  to  the  I’rime 
Minister.  .Although  Dr.  Dhawaii  conies  from  the  north,  he  is  well  liked  and  respected  in 
southern  India  where  most  of  the  space  program  activities  are  coneentrated. 

1 he  Department  of  .Aeronautical  Tngineermg  has  as  chairman  Professor  T.  \. 
Krishnaswaniy.  lie  is  mainly  coneerned  with  operating  the  large  scale  low  speed  wind  tunnel 
used  primarily  for  aerody ii.imical  testing.  My  principal  contact  in  the  department  was 
Professor  K.  Narasimha  who  arranged  all  my  visits  in  the  H.mgalore  area.  Professor 
Narasimha's  background  was  originally  in  the  area  of  rarified  gases  (he  has  recieved  his  Ph.D. 
at  ( al.  Tech,  working  with  Professor  IT  W.  Liepmann),  but  in  later  years  he  beeame  quite 
interested  in  low  speed  lluid  mechanics  especially  in  turbulence. 

Professor  K.  Narasimha  gave  me  a quick  tour  of  the  Dep;trtment’s  facilities.  The  largest 
facility  is  a ‘P  ,x  14'  open  circuit  wind  tunnel  vvhich  is  dedicated  mostly  to  aerodynamie 
testing  and  Professor  I.  N.  Krishnaswaniy  direcis  that  work.  Tor  research  in  more  basic  tluid 
mechanics  a 7'  x 5’  cross  section  closi.l  return  wind  tunnel  is  used.  The  turbulence  level  is 
much  lower  than  that  ol  the  open  tunnel  and  basic  expeiinients  can  be  performed.  In 
decreasing  order  ol  si/e  there  is  a 20"  x 20"  cross  section  low  turbulence  wind  tunnel  and 
Itnally  there  are  several  12"  x 12"  cross  section  channels  available  for  work  on  boundary 
layers,  wakes  and  similar  |iroblenis.  Trom  early  limes,  there  remained  a I 5’ diameter  vertical 
wind  tunnel  built  for  airplane  spin  tests.  The  luture  use  ol  it  is  being  reconsidered  now  lor 


more  b;isic  tvsiMreli  orlenteil  project.  In  the  compressil^le  Ilow  ranee  there  are 
intermittent  (hlou  supersonic  wiiul  tunnels.  I'he  lareer  one  has  a \ 5"  aiul  the 

smaller  one  a 3"  \ I"  workine  section,  aiul  the  compressed  air  stora.ee  tanks  c.m  be  .iKo  used 
to  oper.ite  other  t.icilities  such  as  induced  How  tminels  m order  to  cover  the  entire  liieh 
subsonic,  transonic  .md  supersonic  ran.ee  of  M.ich  numbers  up  to  .ibout  \1  = 4.  I (ir  tests  at 
even  liieher  M.ich  numbers  there  is  ,i  2"  diameter  shock  tube  and  12"  hypersonic  shock 
tunnel.  In  .iddition,  there  is  under  construction  a (>'.>"  diameter  I loii.e  shock  ttibe  and  a X" 
di.imeter  hypersonic  vciiul  tunnel.  Alter  lookme  over  the  rese.irch  problems  currently  under 
study.  It  is  clear  that  the  interest  is  concentrated  at  the  ends  of  the  Mach  number  scale,  first 
.It  low  speed  Hows  where  turbulence  is  an  important  feature,  then  at  supersonic  and 
hypersonic  Hows  wliere  hi.ehly  compressible  How  and  real  iras  effects  are  iirominent.  During 
the  long  history  of  the  Institute  in  the  Department  of  Aeronautics  considerable  experience 
w.is  gained  in  w ind  tunnel  design  and  instruin jiitation.  as  well  as  in  testing  of  aircraft  models 
.md  coniponenis.  In  addition  to  those  recently  some  non-aeronautical  projects  have  been 
considered  loo. 

The  f.icililies  aiul  experience  of  the  group  were  anil  still  .ire  utili/ed  by  a numlier  ol 
outside  agencies,  such  as  the  Hindustan  Aeronautics  Co.,  the  National  Aeronautical  I .ibora- 
lory.  Ministry  of  Delense.  and  Vikram  .Sarabhai  Space  ( enter.  I he  basic  tliiid  mechnics 
problems  of  present  interest  .ire  as  follows:  transition  from  laminar  to  turbulent  Ilow  as  well 
.Is  the  reverse  transition  ( rel.imm.irisat ion ) occurring  in  case  ot  rapidly  accelerated  bound. iry 
layers.  Other  projects  are  Ilow  development  in  axisymetrie  and  three  dimensional  boundary 
layers,  the  development  of  wakes,  wall  jets,  separation  bubbles,  base  Ilow  behind  blunt  bodies, 
and  the  investigation  of  possible  methods  for  the  suppression  of  Ilow  separation  phenomena. 
Analytic.il  work  that  is  being  carried  out  is  strongly  motivated  by  the  desire  to  obt.iin 
practical  results  in  calculating  .lerodynaiiiic  properties  or  in  predicting  aeroelastic  bah.ivior 
like  llutter  and  instability  . On  the  other  end  of  the  M.ich  number  scale,  research  in  real  gas 
flows  includes  rarified  gas  phenomena  such  as  is  encimniered  by  safellite  vehicles  .md  some 
more  basic  problems,  such  as  the  details  of  the  shock  structure  including  dissoci.ition  and 
ionization  effects.  Industrial  aerodynamics  is  becoming  increasingly  important  .md  model 
experiments  are  being  c.irried  out  on  wind  pressure  developing  on  l.ill  chimneys,  suspension 
bridges,  and  on  high  buildings  in  general.  Ilierc  is  a combustion  l.ibor.ilory  where  ll.ime 
|iropagalion.  ignition  and  extinction  are  studied  as  well  .is  the  isroperlies  of  different 
propellants.  I hose  problems  are  motivated  by  interest  in  space  .ipplications.  There  is  .i  cerl.iin 
amount  of  research,  or  rather  development  on  problems  that  are  not  related  to  aeron.iutics  at 
all.  such  as  optimum  design  of  windmills  for  rural  application. 

On  the  other  end  of  the  scale.  Professor  Narasitnha  in  cooporation  with  Dr.  P.  R. 
Viswanath  is  engaged  in  a group  of  probletns  involving  base  flows  at  supersonic  Mach  num- 
bers. The  practical  interest  is  in  the  design  of  appropriate  “boattail”  configurations  to 
reduce  the  base  jiressure.  I he  basic  interest  is  the  .itfeiulant  reverse  transition  in  the 
expansion  Ilow  at  the  corner.  The  analogue  problem  translated  into  low  speed  flows  involves 
such  probletns  ,is  the  b.ickw.ird  facing  step  .is  well  as  the  rapid  distortion  of  turbulence  by 
the  tnean  gradients. 

Professor  H.idri  Nar.iyan  w.is  well  known  to  me  from  his  work  on  turbulent  boundary 
l.iyers  expecially  concernme  the  turbulent  I'ursis  occurring  just  outside  the  viscous  sublayer, 
lie  made  a signific.int  loniribution  .i  few  ye.irs  .ign  when  he  concluded  thaf  the  bursting  rate 
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vli>cs  ttol  vMth  tiu.-  v^.ill  |Mr.ulK'lor■^  hut  nitliiT  witli  iIr'  so-c;ilk'd  “oiitor”  parameters, 

sueli  as  tlie  total  I'ouiulatv  laser  thickness  and  the  free  stream  velocity.  Ills  continuing 
interest  r turbulence  is  esulenced  by  his  recent  work  on  low  speed  How  problems  such  as 
the  How  past  a ste|\  In  .iddition  he  is  studyini'  wall  jets  and  similar  shear  How  structures. 
niaior  instiumentation  development  is  underway.  ()t  course  the  hot-wire  anemometer  was 
used  estensisels  tor  some  time,  liot-wire  eiiuipmeiit  was  locally  developed  and  the  local 
instrumentation  espert  is  Dr  I’ralihu. 

Development  ol  1 D\  (laser  Doppler  Velocimeterl  is  under  way.  but  so  tar  no 
sienilicant  results  have  been  obtaineil  with  the  use  ot  LDVk  1 here  are  advanced  and  rather 
detailed  plans  for  digital  processing  of  the  data  in  turbulence  measurements,  although  at  the 
moment  mainly  anologue  methods  are  used.  In  order  to  complement  the  experiments,  there 
is  a corresponding  theoretical  effort  in  the  group.  In  order  to  si/e  up  the  total  ettort  in 
research,  we  must  look  at  the  pa|iers  published  by  the  group.  1 he  list  is  quite  large  and  it 
mcluiles  papers  published  m foreign  journals  and  some  of  them  appeareil  m the  most 
demaiulmg  quality  journals.  One  thing  particularly  impressed  me  in  the  group,  and  this  is 
their  intensive  involvement  with  other  lluiil  mechanics  groups  in  India.  I'liere  is  a continuing 
cooper.ition  between  colleagues  at  llSc  and  NAl  . I here  is  ,i  great  deal  ot  activity  with  other 
.icademic  institutions  too.  They  take  the  form  of  special  courses,  workshops,  etc.  They  have  a 
very  active  program  for  the  eiirichnient  of  research  experience  lor  college  teachers  troiii 
other  institutions  where  research  o|iportunities  arc  limited  or  even  non-existent  My  gener.d 
impression  is  that  the  st,ilt  of  the  Indian  Institute  of  Science  is  very  .ictive  both  in  b.isic 
research  but  also  they  serve  as  an  elite,  lor  ifie  whole  o(  liulia.  (I  am  using  the  vvo/d 
advisedly  in  .in  age  when  it  is  ollen  used  more  lor  coiulemnalion  than  lor  praise.  I 

THL  NATIONAL  ALRONAUTIC  AL  LAIiOKAIORY 


The  National  Aeronautical  Laboratory  was  organized  soon  alter  the  Indian  independence 
and  It  was  located  in  Rangalore.  a choice  probably  iiinueiiced  by  the  existence  of  a strong 
active  group  at  the  Indian  Institute  of  Science,  who  certainly  helped  to  launch  this  more 
applieil  oriented  laboratory.  Hie  present  director  is  Dr.  S.  R.  Valluri  (also  a ( al.  Lech.  I’li.D.  I 
whose  personal  research  interest  was  in  solid  mechanics  and  material  sciences  betore  he 
assumed  his  present  administrative  responsibility.  NAl.  has  seven  scientitic  divisions  .nul  m 
addition  there  are  other  minor  activities.  There  is  a pilot  plant,  an  information  center,  and  a 
number  of  collaborative  programs  with  other  organizations.  Hie  total  stall  is  about  1200.  ol 
which  about  2.S0  are  scientillc  staff  and  another  l.M)  are  administrators.  Hie  largest  group  is 
the  Aerodynamic  Division  which  also  includes  lluid  mechnics.  I he  Aerodynamic  Division  has 
a staff  of  about  200  with  57  scientists  among  them.  Hie  head  of  Aeroilynaniics  is  Dr.  M.  .A 
Ramaswamy  whom  1 met  brielly.  My  prinic|ial  contact  and  guide  was  their  prominent  lluid 
mechanicist,  Dr.  K.  S.  Yajnik.  A large  amount  of  my  time  was  spent  with  him  m his  boundary 
layer  laboratory,  where  a specially  built  boundary  layer  tunnel  is  in  the  process  ol  being 
calibrateil  anil  the  research  work  proper  is  just  about  to  begin.  The  boundary  layer  tunnel  is 
a long  duct  with  a 10”  x 20”  cross-section.  Hiere  are  provisions  for  controlling  the  pressure 
gradient  and  special  care  was  taken  to  obtain  a uniform  How  field.  Prelmimary  calibration 
has  shown  that  the  mean  velocity  is  within  0.5''/?  of  the  mean  value  across  the  section  and 
when  two  screens  are  placeil  in  the  settling  chamber  the  free  stream  turbulence  level  is  less  than 
0.0S%.  Mean  velocity  and  turbulent  velocity  tluctuations  were  measured  at  different 
stations  III  order  to  determine  any  initial  non-v'i|uilibrium  effect.  Skin  friction  was  measured 
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In  I’rcston  lul'i’  jikI  it  .ilti'i's  niilim  2' > ol  lli.it  olit.imoil  by  Hi;kIsIkiw\  irn'tltoil.  In  onk-r  to 
ti\  tr.iiiMlioii  tvKo  Uirhiili.'iKi.'  trips  vsitc  usoil  ;iiul  tin.'  liirbuk'ni.'c  inli.'iisity  (imCikn  wers' 
somi'.iral  nith  tliosi’  trom  otlior  st;iiul;iril  i,l.it;i.  IIk'  velocity  liislrilnition  w;is  plotted  in  w;ill 
a'ordin.iles  .md  tlie\  were  eompnred  with  the  “kiw  ol  the  w;ill.” 

Beeniise  of  the  deni.ind  lor  more  sophisticated  instrumentniion  vnrions  rievelopment 
protects  ;ire  heiii{;  curried  out  in  or  in  connection  with  the  bouiuhiry  hiyer  tunnel. 
I’rehmin.iiA  work  is  in  progress  where  ;i  pilot  model  laser  Dopi'ler  Velocimeter  tlDVl  and 
hot-wire  instrumentation  will  be  used  estensively.  Alter  visiting  the  bound. iry  layer  tunnel, 
other  r.ieilities  were  inspecteil.  Ihere  .ire  two  large  aiul  one  small  blow-down  tunnels:  the\ 
c.ill  them  “trisomc"  wiiul  tunnels.  The  word  “trisonic"  means  that  it  is  subsonic,  transonic 
.ind  supersonic  all  in  one  |hece  ol  eiiuipment.  The  larger  has  4'  \ 4'  Mpiare  cross  section  and 
the  smaller  one  has  a 1’  \ I'  sipi.ire  cross  section.  I he  available  testing  time  ilepends  ol' 
course  on  the  M.ich  number  but  a suiriciently  long  testing  tune  can  be  achieved  in  order  to 
ch.inge  the  M.ich  number  and  model  position  during  operation.  The  transsonic  sections  .ire 
perl'or.ited  for  v.iriable  Mach  numbers.  The  supersonic  sections  have  various  no//le  blocks  for 
ditl'erent  Mach  numbers.  The  tunnel  is  in  .ilmost  constant  use.  limited  only  liy  the  availabilitv 
ol  electric  power.  It  is  the  chiel  source  of  aerodynamic  test  data  in  India.  The  tunnel  also 
smves  to  test  various  cont'igurations  lor  ISKO  (Indian  Space  Research  Organi/ation ).  lor  the 
n.itional  defense,  and  lor  the  aircraft  iiuluslry.  Many  of  the  moilels  are  mounleil  on  one  of 
the  side  walls  and  internal  strain  gage  balances  are  used.  I'he  mmlels  inchule  some  for  aero 
elasticity  tests  and  some  other  complicated  configurations,  riie  aerodynamic  Division  also  has 
protects  th.it  are  aimed  at  serving  the  liuliaii  rural  economy  (similar  projects  were  alsr,  seen  at 
the  Indian  Institute  of  Science).  One  logical  ilevelopment  project  is  to  design  wiinimills  for 
nir.il  use,  some  for  electric  iiower.  but  most  for  pumping  water.  Vertical  shaft  Savonius  type 
runners  were  tested  and  easy-to-construct  configurations  are  being  develo|unl.  When  I asked 
how  woiiki  they  |iroviile  cheap  storage  tanks  for  the  water  pumped  tlie  surprising  answer  was 
that  in  .md  near  B.ingalore  on  the  Deccan  Plateau  granite  is  a very  common  stone,  and  water 
tanks  made  from  granite  slabs  are  relatively  easy  to  fabricate.  To  my  ama/.einent,  I was  told 
that  until  relatively  recent  times,  even  utility  poles  were  often  maile  of  granite.  On  the  other 
hand  metal  parts  are  very  expensive  in  liulia  aiul  are  to  be  avoided  if  possible. 

I he  over.ill  impression  of  my  brief  visit  to  \ \l  was  (|uite  tavorable,  the  stall  appears  to 
be  .ilert,  .ictive  .ind  they  attempt  to  bridge  die  g.ip  between  the  basic  sciences  .iiul  the 
dem.inds  ol  industry  and  government. 

II  one  lurlhi  i enl.itges  the  view  to  include  .ill  B.ing.ilore  est.iblislunents.  one  is  surprised 
to  liiul  how  many  highly  tr.iined  and  competent  people  .ire  in  such  a sin.ill  geographical  .ire.i. 
Since  there  are  sullkient  numbers  of  like-minded  scientists  ,iiul  engineers  working  in  simil.ir 
lields.  they  can  m.imtain  the  mutual  mtellectu.il  stimulation  .md  .ilso  they  mutu.ilk  uphold 
the  ijuahty  re(|Uiiements.  (I  did  not  wish  to  use  the  cliche  '■critical  m.iss")  Nowhere  else  in 
India  h.ive  I seen  a comparable  level  ot  com|H‘tence  and  enthusi.isin  ,is  I lound  it  in 
B.ingalore. 
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MIC  KOBiOl  (K.V  AM)  MARINK  SC  IKNC  E AT  KAC;C)SHIMA  LMV  ERSI I Y 


Roy  M.  Johnson 


Locatoil  at  alnn)sl  the  southern  eiul  of  Kyushu,  Japan,  on  Kinko  hay,  across  Irom  the 
active  volcano  ot  .Sakurajima  is  the  faculty  of  l isheries  of  Kafioshinia  University.  Housed  in 
several  tliree  storv  concrete  huihiings  on  its  own  campus  of  some  .‘sX.OOO  square  meters,  the 
fisheries  laculty  currently  has  P authori/eil  chairs.  I’rofessor  llara  is  Dean  of  the  faculty.  He 
will  retire  in  Uf77  and  his  successor  will  most  prohahly  he  one  of  the  ten  current  professors. 
F isheries  offers  a Master's  program  hut  expansion  towanl  oflering  the  iloctorate  as  well  as 
addins:  new  huildini>s  is  in  pro^tress. 

I’rofessor  Daiichi  Kakimoto  now  heads  the  niicrohiolouy  group  aiul  is  presently  stutlyin,e 
the  ecological  role  of  pigmented  bacteria  in  marine  waters  with  some  emphasis  on  pur|de 
pigmented  species.  He  also  with  Dr.  lai/o  Sakata  is  continuing  work  on  protein  en/.ymes  of 
marine  hactena.  Associate  I’rotessor  Tomio  Hidaka  heads  the  marine  bacteriophage  studies 
and  spent  three  weeks  m the  Southern  I’aciflc  last  fall  attempting  the  isolation  of  marine 
phage. 

Dr.  Hidaka  along  with  Dr.  Tai/.o  Sakata  from  Dr.  Kakimoto's  laboratory  was  among  16 
University  of  Kagoshima  scientists  using  tire  University's  second  largest  ship,  the 
Keiten-maru,  for  the  fall  cruise  in  the  Ciuam  area.  The  Keiten-mani.  approximately  XX4  tons 
aiul  40  meters  long,  took  its  maiden  cruise  to  Los  Angeles  in  1675.  The  l.uiiversity  also  has 
the  two  year  old  Nansei-maru  some  l‘>  meters  long  and  70  tons  ami  the  older  Kagoshima- 
maru  which  is  lO.JX  tons  and  60.5  meters  long.  All  three  ships  are  used  on  a regular  rotating 
basis  for  the  training  ol  stuilents  in  all  aspects  of  fisheries. 

I’rofessor  leruhisa  Katayama  heails  the  biochemistry  group  and  is  currently  involved  in 
the  isolation  anti  identification  of  steroitls  associated  with  marine  production  ami  quality. 
Associate  I’rofessor  Muneo  Sameshima  is  stmlying  the  amino  aciil  nutritional  retjuirements  of 
shrimp. 

Associate  I’rofessor  Akio  Kana/awa  heatls  the  organic  chemistry  group  stmlying  the 
chemistry  ol  sterols  from  marine  sources. 

Ihe  facilities  available  to  the  fisheries  group  are  enhanced  by  an  inforimil  relationship 
with  the  medical  (acuity  housed  on  a separate  campus  with  com|4eted  basic  sciences  and 
clinical  research  buildings  just  two  years  okl.  I’rofessor  Hirano  heads  a group  at  the  medical 
school  studying  various  aspects  of  anaerobic  bacteria.  The  iloctorate  in  microbiologv  is 
ottered  by  the  medical  school  faculty. 

On  the  main  Ihiiversity  campus  Associate  I’rofessor  .Shiro  Higashi  teaches  general 
bacteriology  and  molecular  liiology.  His  research  has  involved  the  invasive  mechanism  ol 
Rhizohium  species  ami  he  is  currently  studying  the  preservative  (antimicrobial)  activities  of 
several  plant  extracts. 
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riic  entire  attitiiile  of  tlie  niierohial  aiul  marine  seienee  faeiilty  at  the  University  is  one 
of  optimism  aiui  grc'wtli  vvliieh  appears  to  he  snpporlcil  hy  the  estahlishment  of  new 
ailvaneeil  ileirree  projzrams  aiul  pliysieal  facilities,  fhe  senior  ailministrative  officer,  I’resiilent 
M.  Kanie  is  a former  a.ericultural  hacterioloiiist  witli  research  interest  in  lermentation  studies. 

.\  list  i>f  recent  piihlications  follows: 

Recent  I’lihlications 

I acuity  of  fisheries  Kaitoshima  University 

Sakata.  I..  S.  Suami  aiul  I).  Kakimoto  l‘)75.  Factors  affecting  the  germination  of  IUuHIks 
snhttlis  spores.  Mem.  l ac.  F ish.,  Kagoshima  Univ.  24:  l.^‘)-147 

Sashihara,  \.,  F.  Sakata  and  I).  Kakimoto  Study  on  the  proteases  of  marine  bacteria. 

Mem.  1 )c.  fish.,  Kagoshima  Univ.  24:  14‘)-16(). 

F'snda.  1.  Sakata  and  1).  Kakimoto  ld74.  Study  on  the  esterase  iso/ymes  of  m, trine 
isolates  belonging  to  I'ihrio  aiul  P'icmiontonas.  Mem.  l ac.  F'ish.,  Kagoshima  Univ.  22: 
1:3-13.';. 

Inai.  M.,  1.  Sakata  and  1).  Kakimoto  l‘t74.  Studies  on  the  electrophoresis  of  marine  bacterial 
en/\  ines-ll.  F sterase.  malate  de)i\ itrogenase.  and  lactate  dehydrogenase.  Hull.  Jaju  Soc. 
Sci.  fish.  40:  128.3-1  28‘). 

liidaka.  1.  1^73  Characteri/ation  ot  marine  bacteriophages  newly  isolated.  Mem.  F ac.  F'ish., 
Kagoshima  Univ.  22:  47-61. 

tiiilaka,  1.  U>7.S  lilentification  of  the  type  of  nucleic  acid  in  marine  bacteriophages  with 
acridine  orange  staining.  Mem.  F ac.  fish..  Kagoshima  Univ.  24:  133-138. 

Fanaka.  V..  1.  Katayama,  K.  1.  Simpson  and  ('.  ().  Chichester  l‘)7(i.  the  biosynthesis  of 
Astaxanthin  XI \.  The  distribution  of  -Doradexanthin  and  the  metal'olism  of  carote- 
noids in  goldfish.  Hull.  Jap.  Soc.  Sci.  1 ish.  42:  885-8dl. 

Tanaka.  Y..  IF.  Matsuguchi,  1.  Katayama.  K.t.  Simpson  and  ('.().  Chichester  U>76.  fhe 
biosynthesis  of  Astaxanthin  Will,  the  metabolism  of  the  carotenoids  in  the  prawn. 
Hull.  Jap.  Soc.  Sci.  t ish.  42:  U)7-:o:. 

Tanaka,  Y.  aiul  f.  Katayama  I ‘>76.  Hiochemical  studies  on  the  carotenoids  m Pi  liiiinJaniiihi. 
I Fie  structure  o!'  an  ,\st.ixanthin-like  pigment  ( 7.8-didehydroastaxanthin ) and  the 
carotenouls  in  starfish.  Hull.  J.ip.  Soc.  Scie.  1 ish.  42:  807-812. 

Fanaka,  Y.  and  1.  Katayama  l‘>76  Hiochemu.il  studies  on  the  carotenoids  in  Porifcni.  Fhe 
structure  of  clathriaxanthin  in  sea  sjumge.  ( lalhnii  Innulitcni  (Howerbank).  Hull.  Jap. 
Soc.  Sci.  fish.,  42:  801-803. 


3‘) 


l.iiuika.  V..  II.  Malsiiviiidn.  I . Kalayama,  K.L.  Simpson  ami  ('.().  ( liichestcr  l‘>76.  I ho 
hios\  nihosis  of  aslaxanthin-W I.  llio  carotonoiils  in  crustacca.  C'om|i.  Uiochom.  I’hysiol. 

losliiina.  S.  and  A K.ina/awa  l‘)7.^.  IJiosynthosis  ol  storols  in  the  rod  al^a,  I’ropln  ntliitni 
irciinliim.  Mom.  I .10.  I isli.,  Katioshirna  Univ.  22:  l-(). 

loshima,  S.  and  A.  Kan.i/.iwa  Hiosy nihosis  ol  storols  in  ahalono.  Haliniis  I’linuri.  and 

miissol.  1/1 ///ns  iiliilis.  ( omp.  I{ioohom  I’hysiol.  555-561. 

roshim.i.  S.  ami  Kana/awa  1675.  Hiosynthosis  ol  storols  in  a starfish.  Iciunnr  Icuiliii. 
Comp.  Hioohom.  I’hysiol.  22Ji  4.57-441. 

kana/awa.  .A.,  S.  loshima.  (.  .Amlo  ami  S.  Fomlta  1676.  Storols  in  ooral-rool  animals.  Marino 
Biology  24:  53-57. 


I i;i  K Al’ODS.  K,l  OOS.  AM)  IHI.(  OASl  OK  JAPAN 


>1.  J.  Wulktr 


IMKODU  IION 

l.ip.m.  sMtIi  .111  .irt'.i  llirov  linu‘s  tlnit  ol  I miisi.in.i  .mil  virtu. ill\  ’lif  s.uik’  .is  Mniit.in.i,  luis 
.1  su.islIiiK'  lli.il  IS  3I,.^<S2  km  lon^.  I Ills  lcMi:Ili  pruviilvs  .1  v.iliiv  nl  iur'  km  lor  ojcIi  14  km- 
ot  .uv’.i.  vsliK'li  IS  cxciplIoii.ilK  liivoi.iblc.  NoncllK'k'ss.  popul.iiioii  iknsilv  is  so  jirf.it 
(2^5  km- 1 th.it  o.ish  kiloiiK'lv'i  ol  coiislIiiK'  is  sliarr'il  h>  ikmiIv  4,(KM)  people,  i.e..  e.ieli 
person  h.is  .1  tot.il  ol  25.5  em  (or  10  inches)  ol  shore.  I'lius.  it  .ill  ol  llie  people  ol  J.ip;m 
Imeil  up  siile  hv  sule  they  could  torn)  ;i  douhle  w;ill  around  .ill  ol  J.ip.in. 

Such  a lineup  would  he  very  dilticull.  ol  course,  hec.iuse  the  coast  ol  J.ip.m  is  hiehly 
v.iried.  In  many  places  hills  and  mountains  rise  vlirectly  out  *'  the  sea.  t’eninsul  is  and  small 
Islands  such  as  in  the  cullureil-pearl  area  ol  the  Shima  I'enin'.da  are  numerous.  Some  coasts 
are  voleanic;  others  are  eartlu)u.ike  prone  and  extensive  eartlui.iake-vienerated  lamislides  are 
not  uncommon,  fhere  are  other  coasts  however,  which  are  low:  some  have  loni;  heaches. 
others  have  sand  bars  aml/or  sand  dunes,  .tnd  still  others  have  abrasion  pl.ittorms.  ( oral  reels 
occur  m the  south  and  lagoons  .ire  common  along  many  coasts.  Siune  lagoons,  such  as 
1 l.ichirogat.i  in  northern  Honshu  (f  ig.  I I,  have  been  reclaimed,  i ormerlv  ll.iehirogat.i  lagoon 
was  the  second  largest  body  of  water  m Japan,  but  during  the  l‘>6()'s  much  ol'  it  was  tilled  in 
order  to  increase  the  country  ’s  rice  production. 

Marine  generatevi  coastal  processes  are  ei|ually  as  varied.  They  inchule  erosion  by  ice  on 
the  shore  ol  the  Sea  ol  Ohkotsk  m llokkaivlo,  by  monsoon  generated  waves  on  the  coast  of 
tlie  Sea  ol  Japan,  and  by  typhoon  and  tsunami  generated  waves  along  much  ol  the  Ihicil'ic 
shoreline.  .Mihough  exposed  coasts  are  lengthy  and  bear  the  brunt  of  waves  which  fre<iuently 
have  an  extremely  long  letcli,  there  are  many  relatively  protected  lagoon,  bay.  and  Si  a (as  in 
the  Inl.ind  Se.i)  coasts. 


I he  tact  that  the  coasts  ol  Ja(ian  are  important  in  the  lives  ol  the  Japanese  peo|ile  is 
well  knovi  n,  ( o.istal  lishing  lias  been  Irailitional  and  prosperous  anil  I'islung  villages  dot  (he 
coast.  ( o.istal  L.ilches,  however,  have  recently  decreased  partly  because  of  local  overfishing 
and  partly  because  m.iny  fish  are  now  being  caught  in  deep  waters  before  they  reach  the 
coast.  Another  import.int  l.ictor  is  the  increase  in  pollution  of  coastal  waters.  I’ollution  has 
progressed  to  such  an  extent  that  the  cultured-pearl  industry  is  suffering.  Nonetheless,  the 
coastline  .ind  its  numerous  bays  .nul  harbors  is  still  important  for  its  abundant  biotic 
resources,  l urther,  increasing  attention  is  being  given  the  development  ol  aquaculture  a 
lagoonal  and  coastal  enlerprise. 

In  addition.  Japan  is  one  ol  the  world’s  leading  industrial  nations.  However,  it  differs 
Ironi  most  of  the  rest  ol  the  industrial  nations  in  that  its  industry  is  based  almost  entirely 
upon  imported  raw  maten.ils.  Ihese  materials,  once  converted  into  mainifaetured  goods,  are 
exported.  Most  large  industrial  complexes  are  located  in  the  lowland  along  coasts  and 
especially  along  coasts  on  the  country’s  I’acific  side  where  the  best  harbors  are  found. 
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I he  plnsieal  luiUire  ot  tlie  land,  a lislimg  herila{!e.  and  an  mdiistnal  emphasis  have 
eiMiihined  with  other  f'aetors  to  attract  jireat  concentr.itions  ol  peo|de  to  coastal  areas, 
loilay  , some  KO'-  of  tlie  over  100  million  population  ol  .lapan  ,ire  so  located. 

CO  \ST  \l  Rl  SI'ON.SmiUTV 

Ot  the  .sl..^N2  km  cr'astline.  it  has  heen  calciil.ited  that  15.020  km  or  47.0';  needs 
protection  ot  some  kind  (l  ie.  2)  and  that  lO'-  siilleis  Irom  severe  erosion  (l  ie.  1 i.  Ihis 
I ‘'.020  km  is  under  the  control  ol  three  Ministeries  althoueh  in  actuality  only  12.  .127  km 
have  heen  olTicially  assieneil  ( I ye.  2).  little  over  half  (8.0.S0  km)  has  some  protection  at 
present,  i.e..  one  quarter  of  the  coastline  of  .lapan  has  heen  modified  to  some  extent  hy  man. 

The  three  Ministeries  that  control  the  protection  efforts  aloni:  the  coast  of  Japan  are 
those  of  Construction.  -Auricultiire  aiul  Forestry,  and  Tranportation  (l  isi.  .1).  Fach  has 
responsibility  for  lenuthy  shores  with  the  longest  helonitini:  to  the  C onstruction  Ministry. 
Nearly  half  of  the  shoreline  needine  hut  not  yet  protecteil.  is  under  its  jurisdiction. 

In  recent  years  the  increase  in  monies  for  coastal  protectimi  has  heen  rapitl.  In  15  years 
the  amount  has  increased  eijilit  times  from  d.l  hillion  yen  in  IdCil  to  7(i.l  hillion  in  l‘)76 
(f  it!.  4).  i.e..  a value  of  about  $2h0  million. 

(FIFI  (OASTS 

\lthoui:h  li'it  coasts  are  common  in  Japan,  only  recently  have  they  hetmn  to  attract 
scientitK  attention,  an  attention  that  has  resulteil  from  the  construction  of  scenic  hichways 
and  atomic  power  stations.  Imleeil.  some  ol  the  erosion-prone  clifts.  especially  tlu'se  ailjacent 
to  railroatls  ami  hitilnvays,  are  now  jirotectetl  hy  artificial  coverintis.  Prior  to  such  aesthetic 
and  enerey  relateil  interest,  the  severe  erosion  that  occurs  aloiic'  clifi  coasts  was  ot  little 
concern.  I rosion  rates  aloni!  many  cliff  coasts  range  to  over  2 rn/year  with  rates  depending 
mainly  on  rock  strength  and  wave  energy.  Whereas  the  beaches  along  sandy  coasts  can  he 
restored  by  artificial  nourishment  with  some  success,  cliffs,  once  eroded,  are  gone  and  can 
hardly  he  returned  to  their  original  state. 

SFIJSIDhNC  I 

Subsidence  began  to  receive  serious  attention  only  recently  in  Japan,  just  as  in  the 
United  States.  In  Japan  it  had  become  an  important  problem  before  World  War  II  because  ol 
the  rapid  advance  of  Japan’s  industry  after  World  War  1.  Overpumping  the  ground  water 
and/or  natural  gas.  especially  that  associated  with  the  imiustrial  areas  in  Osaka.  Tokyo. 
Nagoya,  and  Niigata,  resulted  m much  subsidence.  In  all  of  these  cities  there  are  now  large 
areas  of  land  below  the  “/ero-meter  line"  (as  the  Japanese  refer  to  their  non-marine  land 
presently  situated  below  sea  level  I.  I he  areas  involved  are  sizable,  the  largest  in  Nagoya 
where  over  200  km-  are  below  se.i  level.  The  rate  of  expansion  of  subsided  areas  has  .iKo 
been  rapid,  e.g..  in  Tokyo  the  zero-meter  region  increased  fri'in  ,15.2  km-  m U>(>()  to  Pi. 5 
km-  by  1070. 

Osaka  I'roi'ides  an  interesting  and  informative  example  of  change  m subsidence  rates 
with  changing  conditions.  One  hundred  ye..rs  ago  the  coastal  part  of  Os.ika  was  used  for  rice 
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ailtiv;itK)ti.  Between  WW  I ami  WAV  II  iiuicli , of  this  area  was  converteil  into  a massive 
itKiusinal  complex.  (IrouiKl  water  was  pumpeil  in  great  ipiantilies  and  siibsidenee  followed. 
During  WWII.  however,  the  factories  were  destroyed,  ground  water  consumption  decreaseil, 
and  suhsidence  ceased.  Alter  the  war.  iiulustrial  development  was  reinitiateil,  ground  water 
eonsumption  again  increased,  and  suhsidence  began  anew.  This  eondition  conimueil  until  the 
D>bO’s  when  laws  were  enacted  restricting  groundwater  usage  resulting  m stal  ili/ation  of  the 
land  surface. 

•Subsidence  aggravated  disasters  m the  past  in  man\  locations  in  .lapan.  A typhoon  in 
iy5‘>  was  responsible  for  heavy  Hooding  m Nagoya,  Hooding  which  killed  more  than  .SOOO 
people.  Much  of  this  ilisaster  r'o  urred  in  the  /.ero-meler  region.  In  Niigata,  it  was  a severe 
earthquake  m l‘^61  that  biought  about  Hooding  in  the  subsiiled  area.  I'hese  two  disasters  led 
to  the  construction  ol  seawalls  not  only  m Nagoya  and  Niigata  but  also  in  I'okyo,  Osaka, 
and  other  areas  where  subsidence  has  been  severe. 

SE  A W ALLS 

In  all  coastal  areas  where  subsidence  has  been  severe  lengtlu  seawalls  have  been 
constructed.  Indeed,  tlie  retaining  wall  of  which  the  seawall  is  a marine  version  is  one  of 
the  most  conspicuous  ami  widespread  artifical  forms  to  be  seen  near  water  in  .Lipan. 
•Artificial  levees,  frtr  example,  border  most  rivers  whereas  seawalls  are  found  along  m.iny 
low-lying  coasts.  .Some  seawalls  are  very  okl  and  many  display  several  stages  in  their 
development.  Heightening  and  widening  seawalls  along  some  coasts  appears  to  be  an  almost 
continuous  effort.  Along  some  shorelines,  expecially  those  where  typhoon  waves  are  likeK  to 
be  accentuated,  seawalls  are  more  than  15  m high.  At  other  locations  seawalls  merge  with 
river  mouth  retaining  walls  and  at  these  locations  serve  the  double  purpose  of  preventing 
encroachment  of  the  sea  and  controlling  river  How. 

GROINS  AND  1)1  I A(  HI  I)  BRLAkW  ATI  RS 

f rom  the  standpoint  of  loss  of  life  and  property  the  retaining  wall  is  uiuloubtedK  the 

j most  important  ot  the  man-made  coastal  modifications.  Nonetheless,  great  amounts  of 

i money,  time,  and  scientific  elfort  have  been  expended  in  attempting  to  control  beach  erosion 

r oftentimes  in  concert  with  the  ilevelopment  of  retaining  walls. 

^ Sand  removal  from  coasts  is  a natural  process,  and  has  been  since  the  still-stand  ol  sea 

level  was  reached  some  5,000+  years  ago.  However,  it  has  become  aggravated  along  manv 
! coasts  of  the  world  because  ol  a variety  of  human  activities  especially  those  activities  relateil 

1 to  altering  the  dischargeil  seilimeni  loail  of  rivers  through  the  eonstruelion  of  dams  and  river 

E linings.  Along  the  Niigata  coast,  for  example,  shoreline  saiul  starvation,  because  of  modifica- 

tions of  the  Sliinano  River,  has  been  so  great  that  the  beach  has  receded  more  than  .U)0  m 
. iluring  the  past  50  years. 

T he  groin  has  been  the  structure  most  commonly  used  to  prevent  coastal  beach  loss  and 
to  trap  sand  fromerly  lost  ilue  to  longshore  drift.  Groins  have  not  always  been  suceessful  and 
other  methoils  such  as  del.iched  breakwaters  have  recently  been  introduced  instead. 
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riu'  o\[HTK'iK\s  at  Kaikr  UiMih  in  soutlk'rn  ll<nisliu  is  an  ox».vlkMU  oxampU'  ol  man’s 
ctTort  in  Japan  to  not  < ril\  stop  hoaili  erosion  Inil  to  rr-establish  eroileil  Ik’aclies.  Kaike 
Meaeli  laeos  ilie  Sea  ol  lapan  wliieli  is  notorii>us  lor  ils  roneh  seas  durini’  the  winter 
monsoon  season.  I’lus  heaili  has  lone  siillereil  Irom  severe  erosion  ami  loeal  peo|iles.  iisinu 
pine  loes  and  s.iiul  h.ies.  were  imsiKeessliil  m their  attempts  to  eontrol  it.  Uetween  I ‘*46  anil 
I'txf)  eroins  ueri-  vonstriiiteil  .ilone  the  heaeh  and  althoupli  the  heaeh  was  initiallv 
ree^taMlshed  slielii  ehanees  in  wase  teeinies  and  unrepaired  w ave-damaeed  eroins  aiiain  led  to 
loss  ol  the  heaeh  hv  the  earl\  l'>t)(l\. 

I he  next  attempt  at  Kaike  was  the  eonsiruetion  ol  detaehed  breakwaters  I .SO  m 
ollshoie.  I he  dissipated  wave  enerev  not  onK  rediieed  the  erosive  nature  ol'  the  waves  but 
also  brouiiht  about  the  lorniation  ol'  lombolos  between  the  shore  and  the  breakwaters 
reestabhsliine  the  heaeh. 

■Addit'onal  benel'its  have  aeerued  Irom  the  use  ol  detaehed  breakwaters  as  exampled  at 
Islii/aki.  a lishiiift  village  on  the  south  eoasi  ol  Hokkaido.  In  I ‘>60-6 1 seawalls  were  built  at 
the  baek  of  the  heaeh.  The  sand  in  Iront  of  these  seawalls  was  stripped  From  the  bedroek 
eliminating  the  heaeh.  Plans  at  First  ealled  For  groin  eonsiruetion  but  it  w'as  decided  to  use 
detaehed  breakwaters  instead.  In  all  1 2 oF  these  structures  were  built  and  all  served  the 
pur|iose  oF  re-establishing  the  beach  in  the  Form  ol  tombolos,  an  additional  benet'il  aeerued. 
lieeaiise  oF  the  nature  oF  these  breakwaters,  the  sand  cm  the  bottom  seaward  oF  the 
slrnetnres  was  transFerred  lo  their  innersides.  Jhis  transFer  e.x|rosed  the  rocky  sea  bed  in 
Iront  oF  the  breakwaters,  a surlaee  upon  which  an  important  type  oF  seaweed  grows  well. 

Because  this  seaweed  is  a desirable  Food  item,  its  presence  serves  as  an  additiivnal  and  now  a 
ver\  important  source  oF  income  to  loeal  Fishermen  and  their  village.  The  role  oF  the 
det.ahed  breakwater  in  Japan  has  been  documented  in  a 20  minute,  color  motion  picture 
entitled  “ I he  Det.iehed  Breakwater  System.”  It  was  produced  by  the  Ministry  oF  ('onstrue- 
tion  under  the  supervision  ol  Osamu  loyoshima. 

T1  TB  \PODS 

.Allhough  seawalls  are  usually  solid  concrete  they  sometimes  .ire  buttressed  by  other 
materials,  Freipiently  tetr.ipods.  Tetrapods  have  been  used  in  Japan  For  over  20  years.  One  oF 
the  lirst  structures  made  Irom  them  was  an  oFFshore  breakwater  at  Niigata.  Taking  several 
years  to  construct,  it  reipiired  nearly  dO, ()()()  tetrapods  bel'ore  completion.  Most  oF  these 
tetrapods  (being  among  the  First  tnade)  weighed  only  4 tons.  Today  they  come  in  many  sizes; 
the  largest  now  being  used  weigh  .“vO  Ions. 

One  oF  the  most  common  uses  oF  tetrapods  is  For  breakwaters  m connection  with 
harbors  as  at  the  ports  oF  .Abashari  and  Kuinoi  in  Hokkaido,  and  Kuji,  Sandai,  T'ukushima  (in 
connection  with  a nuclear  power  (ilant),  and  Akita  in  Honshu.  Most  structures  use  a variety 
ol  sizes,  e.g..  the  breakwater  constructed  For  the  Tokyo  TIecIric  Power  (o.,  ltd.  at 
Tukushnna  took  .S  years  ( 1 ‘J()()- 1 v)70)  to  complele  and  required  S20  - H ton.  .\4S2  - 10  Ion. 
and  .‘5,S27  - 2‘>  ton  tetrapods. 

I hese  sirueutres  are  very  expensive.  I was  told  that  lo  construct  a breakwater  using 
‘vO-lon  tetrapods  costs  up  lo  .J .()()(),()()()  yen  per  running  melei,  i.e.,  about  S 1 0,000, 000  per 
kilometer. 
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I'lu.’  tetrai'oil  is  patcnlcii  In  tlio  Nip[ioii  I'ctrapod  co.  I.Ul.,  licailijiiaMort-il  in  iokyo.  It 
an<.i  olluM  i.x>mpanii.‘s  liavo  ilovdopoil  a variety  ol  I'orms  sinec  V\'\\  II.  Many  coastal  sections 
have  several  ty  pes  present  aiul  represent  either  ihlTerent  models  used  by  the  same  eompany 
or  models  Irom  dirierent  eompames. 

Today,  prior  to  the  .leltial  eonstruetion  of  most  systems,  model  tests  are  eondiieted.  I he 
Nippoti  letrapod  Co..  Tor  example,  has  a l.iree  modern,  well  e(]uipped  lal'oratory  near 
Isiikuba.  the  new  rese.ireh  center  for  .lapan  about  40  miles  north  of  Iokyo. 

K.l  OOS 

\n  .idditu>n.il  lunetion  oT  this  laboratory  is  the  development  of  new  models  tor  use  m 
shore  delense  systems.  Itelter  coastal  defense  and  lower  cost  ol  construction  and  maintenance 
ate  m.nor  olneetnes  m this  research.  .\n  ailditional  reason,  and  one  that  is  inereasiiiL'  m 
impott.uKe  .IS  social  .ittitudes  change  in  .lapan.  is  the  inereasiniz  demand  for  an  aesthetically 
pleasing  ilesign  the  need  to  decrease  visual  pc'llution. 

One  ot  the  most  recent  developments  is  the  “Igloo.”  It  is  a wave  dissipating  struelure 
which  e.in  serve  as  a retaining  wall  .iiul  even  a wharf.  The  structure  is  made  ol  a series  ot 
concrete  components  (Tig.  5l  which  are  produced  in  b standard  sizes  varying  in  weight  Irom 
JO  to  40  tons.  VVhen  the  imlividual  components  are  combined.  .1  wall  is  tornied  which  is 
eom(iosed  ol  a series  of  vertically  interconneeted  circul.ir  chambers.  ,\s  a wave  strikes  the 
vertical  front  its  water  is  separ.ited  into  layers  by  (lie  liori/ontjl  plates  which  join  the  tiers  ol 
the  igloos  together.  T.aeh  layer  of  water  is  separated  by  the  vertical  rounded  pillars  into  w.iter 
lets.  Taeh  jet  How  is  divided  into  counter  rotating  whirlpools  within  the  chamber  and  with  a 
loss  of  energy  because  of  friction.  I he  eonneetion  between  the  tiers  of  igloos  permits  verted 
How  resulting  in  turbulence  and  further  kiss  of  energy.  The  water  descends  through  these 
connections  to  discharge  se.iward  into  the  following  wave  trough. 

( onstruetion  of  this  type  of  wave  dissipating  wall  was  begun  at  4 different  loc.itions  m 
Jajian  (Tig.  1 ) during  lb7.S.  When  completed  these  4 walls  will  be  4,‘i()  m in  combined  length. 
The  prospects  for  the  construction  ol  other  structures  of  this  type  are  excellent.  I he  igloo's 
major  .isset  is  the  obvious  one  of  energy  reduction  however,  .mother  benefit  is  that  it  meets 
the  recent  demand  in  .lapan  th.il  man-made  structures  also  "be  m harmony  with  nature  and 
the  environment.” 


l igiirc  1 Japan  and  coastal  characteristics.  Locations  at  which  Igloos  are  under  construction  are 
I.  Naina/u,  2 Kochi,  ,V  Mosojima.  and  4.  Kiu'atsu. 
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Figure  5.  Perspective  drawing  of  an  IgU.o  component. 
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Morton  A.  Bt-rlin 


riK“  MilsulMsIii-K.isci  Institute  of  I ile  Seienees  iniiilil  attr.iet  a leasonaNe  ainouni  ol 
attention  in  the  United  States,  hut  it  is  a rarity,  indeed  an  anomal\ . in  .lapan.  I stahlislied  in 
1 <r?  I by  the  Mitsuhislii  Cheinieal  Imlustries.  it  is  dedieated  to  the  pursuit  ol  h.isie  research  in 
tlie  life  seienees.  Unlike  the  United  States,  where  government  is  a very  heavy  supporter  of 
industrial  and  other  research,  in  Japan  over  70  percent  of  the  research  funds  comes  from 
indiistr.  and  of  this  less  than  seven  percent  is  allocated  lor  basic  research.  I'he  Institute 
claims  to  have  no  responsibility  to  the  mother  industry  in  its  proyrammt:.  the  ke\  obligation 
beini:  the  pursuit  of  {looil  science.  Ihis  research  center  had  been  selecterl  as  one  ol  the  two 
places  to  be  visited  by  the  student  winners  ot  the  International  Science  and  1 nc'ineermy  1 .nr 
who  traveled  to  Japan  under  Operation  Cherry  Blossom.  It  turned  out  to  be  an  excellent 
choice,  enabling  the  students  and  their  escorts  to  have  a peek  at  good  rese.irch.  Japanese 
style. 


1 he  Director  of  the  InOitute  is  l ujio  1 garni,  tbrmerly  Chairman  of  the  Department  ot 
Chemistry  at  Tokyo  Universitv.  Dr.  Tgami.  in  discussing  the  direction  of  the  program,  says 
that  “the  Insiifute,  recogtii/iiig  the  present  amt  fiHiirc  mission  and  responsibilities  of  life 
sciences,  .iims  to  contribute  to  the  aiivancement  of  the  lite  sciences  on  the  basis  ol  the 
physical  sciences,  and  to  contribute  to  the  welfare  ot  mankiiul  by  im|irovements  in  meilic.il 
treatment,  environment  preservation,  and  industrial  technology.”  Our  host  .md  guide  lor  the 
visit  was  Hiroshi  K.iw.muira.  a research  physician  and  Chiel  ol  the  Neuropl'ysiological 
l«iborator\  and  I’hysiological  I’sychology  l.aboratorv.  I will  discuss  his  rese.irch  in  some 
detail  later  m this  paper. 
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When  the  Institute  w.is  Immded.  eleven  laboratories  were  establisherl  or  pl.inned.  \ briel 
descriiition  tollows.  The  Biopolymers  I,abor.itor\  studies  the  chenikal  nature,  .iclion 
mechanisms,  aiul  genetics  ol  pyocin.  a proiiucl  ot  I’winlnnionas  bacteria.  I he  Bioc.it.iK  sts 
laiboratory  concentrates  on  Thcnnopliilc  bacteria,  very  resist.mt  to  high  temperatures,  which 
can  survive  m hot  water  up  to  IH5°T.  The  Microbiological  Chemistry  I .ibor.iti'rs  stuilies  the 
evolution  ol  micro-organisms  and  applied  microbiology.  Cicne  surgery  is  being  pl.inned  as  a 
luture  project.  The  ( ell  Biology  l aboratory  is  concerneil  with  the  genetics  of  cultured  cells 
ol  insects  (Drosophila)  and  mice,  wherein  gene  materi.ils  are  studied.  I'he  DeveUrpmental 
Biology  Laboratory  carries  out  research  on  regulatory  mechanisms  in  the  development  ol  the 
animal  body  (ontogenesis)  using  hamsters,  mice,  and  Xcna/ius.  I he  Neurophysiologx  I .ibor.i- 
tory  stuilies  the  neural  mechanisms  underlying  .mimal  behavior,  operant  conditioning  of 
vertical  eye  movements  in  the  midpontine  pretrigeminal  cat.  neural  mechanism  of  the 
circadian  rhythm  ol  the  rat,  and  cockroach  ollaction  and  pheromone.  The  work  ol  Ihis 
laboratory  will  be  discussed  m more  detail  below.  The  Neurochemistrx  l.aboralorx  deals  with 
the  excitable  membrane  ol  neuroblastoma  cells  cultured  in  iltrn.  The  Soci.il  I ile  Science 
liiboralory  is  involved  with  the  assessment  ol  hie  science  technology,  relation  ot  tile  science 
to  human  welfare,  .md  the  evaluation  ol  life  science  research.  The  Biochemic.d  I abor.itorx 
works  on  the  preparation  of  new  biopolymers  with  biologic.il  activity  aiul  the  investigation  of 
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tlu’ir  sinicUin.'  aiul  luiKtii'n.  1 mphasis  is  on  rihomicleasi’s.  I Ik*  ( )rgan()clu.’tnn.al  I’roparation 
l,iborator\  larrios  out  a si'arcli  tor  lu-u  bioloirically  active  subMaiiccs.  currently  studying 
gramicidin  S.  nitroben/ene  lierivalivcs.  and  cockroach  pheromone.  The  Director’s  Croup 
carries  out  preliminary  research  in  biocliemistry . .Areas  lound  to  hold  jiotential  tor  further 
struts  are  turncil  over  to  one  of  the  other  laboratories. 

In  aihlition  to  these  eleven  original  laboratories,  lour  new  ones  are  in  some  stage  ol 
operation:  Biophysics,  stiulying  muscle  mechanisms;  I’harmacology,  rlealing  with  smooth 
muscle  contraction  and  rlrugs;  Biogeochemistry,  concerneil  with  the  changes  ot  various  metals 
in  the  soil,  and  Physiological  Psschology,  stiulying  sleep  mechanisms,  learning,  aiul  mentors'. 
Ihis  latter  laboratory  apiieareil  tit  be  just  gearing  up  at  the  lime  ol  our  visit.  Working  there 
svas  a recent  Ph.  1).  trom  the  I'mversits  ol  Ttah.  Makoto  Sakai,  svho  was  conducting  research 
which  he  descriltes  as  t'ollosvs: 

“Kecently  there  has  been  a revival  ol  interest  in  selective  attention.  Ihis  psychological 
process  might  he  best  illustrated  by  .m  organism  receiving  several  stimuli  ol  the  same 
modalits  and  trying  to  select  one  ol  them  in  itrder  to  respond.  What  is  the  neuronal  Ivisis  ol 
this  stimulus  selection  phenomenon'.’  Over  a decade  or  two  a host  ot  reports  have  suggested 
that  the  level  of  attention  to  a stimulus  can  he  rellected  especi.ilK  in  the  amplitude  ol  its 
cortical  evoked  potentials  in  the  freely  moving  animal.  One  might  think  that  a promising  clue 
to  the  ipiestion  is  at  hand.  However,  the  matter  is  not  so  simi'le.  Hi  M this  might  be  modified 
by  the  prerecepter  mechanism  such  as  head  or  ear  movement  makes  it  ditticull  to  consider 
the  amplitude  change  siinplv'  as  a functional  modification  of  the  sensorv  system  due  to 
attention. 

Several  reports  have  recently  su.egested  that  this  obstacle  might  be  overcome  it  one 
studies  the  evoked  potentials  to  a direct  electrical  stimulation  of  the  sensorv  pathvvav  under 
the  condition  when  the  animal  pays  attention  to  a stimulus  mediated  by  the  same  pathway, 
riiis  technique  may  be  very  useful  for  answering  this  type  of  question  not  onK  because  it 
eliniin.ites  a possible  ci'iUamin.ition  of  the  prerecepter  variable  in  the  evoked  potential 
amplitude,  if  external  stimulus  conditions  are  kept  rehitively  constant,  but  also  because  it 
probably  allows  us  to  have  a simpler  and  easier  aceess  to  the  understanding  ol  the  amplitude 
changes  at  a neuronal  level. 

Thus,  one  of  the  most  appropriate  methods  for  investigating  the  neuronal  basis  ol 
selective  attention  would  be.  as  is  the  case  illustrated  above,  to  record  two  discrete  evoked 
potentials  simultaneously  by  electrical  stimulation  ol  two  different  parts  ol  the  same  sensory 
pathway,  where  one  of  the  stimulated  jiarts  is  responsible  for  mediating  the  sensory  stimulus 
to  wliieli  the  animars  attention  is  directed. 

I have  looked  for  some  mammal  that  is  equipped  with  such  a sensory  pathway  as  to 
satisfy  the  requirements  above  mentioned.  Considering  histological  and  behavioral  evidence,  1 
came  to  the  conclusion  that  the  primary  visual  pathway  of  the  albino  rat  would  be  a prime 
candidate.  Accordingly.  I have  investigated  the  distribution  of  the  evivked  potentials  in  the 
primary  visual  I'athway  when  either  the  let!  or  the  right  optie  tract  was  electrically 
stimulaleil,  and  also  the  interaction  of  evokeil  potentials  when  both  tracts  were  sinuilt.ine- 
ously  stimulated.  I found  out  that  two  evoked  potentials,  one  each  from  the  left  and  right 
visual  cortices,  could  be  recorded  simultaneously  without  ;my  interferenee  with  each  other. 


\1>  lU'M  pK'bli'iii  was  how  to  train  tlio  rat  to  pay  attention  to  tlic  stimuli  comint;  Irom 
one  e\e.  lunormp  those  eomini;  from  the  other  eye.  I managed  to  establish  this  situation  by 
suturing  the  eyelid  ot  one  of  the  rat’s  eyes  so  that  under  this  condition  the  animal  could 
ret.ogni/e  light  but  not  a pattern  stimulus  through  this  eye.  I hen  I trained  the  rat  to 
ilisernnmate  the  tvso  pattern  stimuli,  hori/ontal  versus  vertical  lines  through  the  other  normal 
eye.  .\lter  the  animal  fully  became  able  to  perform  the  task,  he  was  implanted  with 
electrodes  m the  optic  tract  and  visual  cortex  both  m the  left  and  right  heinis|iheres.  Then 
recording  of  the  evoked  potentials  from  both  sides  of  the  visual  cortex  was  marie  by 
stimulation  of  the  lett  ,nul  right  optic  tracts  simultaneously  iluring  the  time  when  the  rat 
perlormcil  the  task. 

One  ot  the  interesting  fiiulings  was  the  selective  potentiation  of  the  amplituiles  of 
evokerl  potential  reer)rdei.l  from  the  visual  cortex  into  which  stimuli  for  rliserimination  were 
fell.  .'\t  present,  I have  been  investigating  the  physiological  mechanisms  underlying  this 
potential." 


I'he  feeling  is  that  this  laboratory  will  overcome  the  isolation  deficits  of  most 
physiological  psychology  laboratories  in  the  universities  and  benefit  by  contact  and  intera- 
ction with  Ihomedical  researchers  operating  in  close  proximity. 

.As  our  host  lor  the  visit  was  Dr.  Kawamura,  ( hief  of  the  Neurophysiology  l.aboratorv  . 
it  was  onK  natural  that  we  spent  somewhat  more  time  looking  at  the  work  going  on  there. 
In  a study  of  the  "Operant  Discriminative  Conditioning  of  Vertical  bye  Movements  in  the 
Midpontuie  I’retrigeminal  ( at.”  Kawamura  and  his  associates  presented  data  of  operant 
conditioning  from  a yoked  control  test  as  well  as  operant  discriminative  conditioning.  Me 
cited  a clinical  finding  in  human  patients  with  bilateral  basal  pontine  infarction  whose 
motion  was  limited  to  vertical  eye  movements  and  who  could  comnumieate  intelligently 
using  this  medium.  The  experiment  undertaken  is  cited  as  the  counterpart  of  this  condition 
in  the  experimental  animal,  e.g..  the  midpontine  pretrigeminal  prepar.ition.  In  the  acute 
midpontine  pretrigemin.il  cat.  vertic.d  movement,  either  up  or  down,  and  above  a set 
amplitude,  was  reinforced  by  introducing  an  electrical  stimulation  to  the  lateral  hypothalamic 
(I  III)  reward  area,  l ye  movement  notice. ibly  increased  during  the  period  of  reinloreement. 
No  increase  in  the  eye  movements  occurred  in  a yoked  control  test  when  Mil  stimulation 
was  given  to  the  animal  in  a fashion  unrelated  to  its  own  eye  movements.  On  the  other  hand, 
the  rate  of  eye  movement  increased  eonsider.ibly  when  reinforeement  was  delivered  contin- 
gently for  each  l.irge  movement  ot  the  eye.  In  an  oper.int  discrimination  between  S+ 
(hght-off  or  lighl-on)  and  .S-  (light-on  or  light-off),  the  animals  developed  obvious  differential 
responses  to  the  stimuli.  A diserimination  reversal  ol  the  stimuli  was  also  learned  by  the  eats. 
When  the  visual  cue  was  rem()veil,  the  dilferential  responses  during  both  reinforcement  and 
non-remlorcement  perii'ds  were  eliminated.  It  strongly  appears  that  in  the  midpoint 
inetrigemm.il  cat  a true  learned  visual  discrimination  can  be  achieved.  .Also,  under  l.lll 
stimul.ition  an  operant  eonditioning  of  eye  movements  occurs  without  there  being  any 
leedback  from  the  peripheral  nerves  or  the  caudal  central  nervous  system. 

In  .mother  study,  an  “.Analysis  of  Sleep-W.ikefulness  Khythms  in  Male  Kats  after 
Suprachi.ismatic  Nucleus  I esions  and  Ocular  I nucleation,"  the  researchers  tried  to  determine 
<piantifiable  characteristics  of  sleep-wakefulness  rhythms  in  male  albino  rats.  I'hey  used  long 
term  polyj’raphic  records  of  I I (i  activity,  neck  1M(I  and  l•0(i  which  were  taken  under  a 12 
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liour  liiilil.  12  liour  il;irk  sdioilulo.  C'ircaili;in  liiythni  in  slccp-wakd illness  ilisappcareil 
conipletelv  alter  hilaleral  supraeliiasmalie  nuelens  lesions,  witlunit  any  enlianeement  ol  the 
ultradi.m  rli\  thins  with  2-4  hour  perioilieitv  being  seen.  I he  eireailian  rhythm  was  tree- 
running  with  a phase  shilt  Irom  -12  to  +22  min/ilay  after  eniieleation  of  both  eyes.  Also, 
there  was  a gradual  deerease  of  the  eireadian  rhythm  speetral  value  and  inverse  inerease  of 
the  ultradian  rhythms  with  4-7  hour  perioilieity.  In  the  speetral  diagram,  paradoxieal  sleep 
appeared  in  both  eireadian  and  ultradian  rhythms  with  4-7  hour  periodieity.  lor  behaviour- 
.illy  bluul  rats  with  bilateral  prim.iry  optie  tr.iet  lesions  there  was  the  eireadian  rhythm  in 
sleep-wakefulness  eonsistent  with  the  normal  light-dark  eyele  of  the  environment.  No 
eharaeteristie  diUerenees  were  seen  for  normal  rats  through  power  spectral  analysis. 


1 HI.  K \IIA\  1 ABOl  KNC  1 1 N(  K KI.Sl  AK(  H INMIIl  IK 


Morion  A.  Berlin 


AlflioiiL'Ii  IIk’  r.iilro.uK  of  h.iu-  miki-  itu'ir  iiui'ption  roUiiiR'il  an  interest  in 

researeli  into  the  frailties  of  the  luintan  monitor,  it  took  a Iraeie  rail  aeeiilent  in  May  ol 
l')()2.  in  Rhich  U'O  people  were  killeil.  to  ^tnmll.lte  the  estahlishinent  ol  an  institute 
ineorporatint:  oeeupational  health  aiui  nuliistnal  psseholoev  under  a sinele  orjiani/ation.  I he 
pnmar\  cause  of  the  accident  was  determineil  to  be  human  error  compounded  by  poor 
communication  in  which  a trainman  i>mored  a war  nine  sienal.  Determined  to  do  whatever 
the>  Could  to  assure  that  this  winikl  not  recur,  tlie  railroad  ilecided  to  merge  all  the  units 
that  were  dispiersed  in  various  irlaces  aiul  to  assign  support  and  administrative  resironsibility 
to  the  head  office  of  the  Japan  National  Railways  t.INRi.  Ihiis.  the  Institute  was  conceiverl 
arul  came  into  being  on  I June  I'>(i3. 

.Almost  from  the  beginning  those  mvolveil  m railroad  accident  problems  recognized  that 
moiK'tony  was  a pressing  and  critical  factor.  Some  practical  measures  have  been  instituted  to 
provide  backup  for  the  human  driving  the  vehicle.  In  anoiher  article  in  this  issue  I described 
the  Shinkansen  system,  but  there  is  a wide  network  ol  trams  less  sojihisticated  in  operation 
and  these  too  have  some  tail  safe  instrumentation,  l-or  example,  if  the  trainman  iloes  not 
take  some  action  for  60  seconds,  e.g.,  touch  the  throttle,  brake,  signal,  etc.,  a buzzer  sounds 
and  a light  illuminates  reipiesting  a response.  If.  after  a briet  period,  there  is  no  reaction 
tfom  the  driver,  the  tram  is  autom.itically  brought  to  a halt.  In  .my  event,  it  is  such  aiul 
other  problems  to  which  the  variom  .sections  of  the  Institute  address  themselves. 

Ihe  tour  ol  the  Institute  was  hosted  by  Kazutaka  Kogi.  a research  physician  who  heads 
the  l aboratory  of  Work  I’hysiology.  Dr.  Kogi  is  also  the  ('hairman  of  the  I ditorial  board  ol 
the  Jottnnil  o/  Human  /•,/go/oi;i . which  is  the  only  publication  of  its  kind  m Japan  published 
in  I nglish.  We  began  with  the  Aptitude  lest  ( enter,  whose  activities  include  developing  aiul 
ailnimistermg  tests  to  personnel  all  over  J.ipan.  training  the  testers,  and  research  on  personnel 
placement.  I hey  have  branches  m five  different  region.il  centers.  Some  ol  the  e(|uipinent 
which  I saw  and  trierl  out  incliKlei.1  a reaction  time  tester  for  signals.  .i  visual  space  lest,  a 
speed  estimation  lest,  a very  ilifficull  physical  coordination  test  that  veas  originalK  designeil 
lor  .lircrafl  pilots,  and  a senes  of  intelligence  tests.  Iliese  latter  .ire  changed  every  three 
years,  are  being  constantly  evaluated  and  vahd.ited.  and  are  restandardizeil  every  year.  As  the 
business  of  Ihe  Institute  is  accident  prevention,  it  is  logic. il  that  the  ultimate  criterion  lor  the 
validation  ol  the  tests  administered  to  the  molormeii  shoiihl  be  the  rule  of  .iccidenls, 

Ihe  Physiological  Research  l aboratory,  uiuler  the  direction  ol  Dr.  Kogi.  is  concernei.1 
with  both  experimental  .md  field  studies.  Ihe  first  item  ol  interest  w.is  .i  simply  simulalci.1 
tram  cab  for  use  m a vigil. mce  experiment  m which  the  subject  is  given  a series  ol  signals  to 
which  he  has  to  react  properly.  Physiological  measures  taken  are  I I (>.  heart  rate.  (i.SR. 
respiration  rate,  I M(i.  and  boily  movement.  Mere  loo  Ihe  concern  is  very  much  with  Ihe 
effects  of  monotony.  Work  is  ,ilso  coiulucted  in  this  l.iboralory  on  Ihe  design  ol  drivers  se.its. 
displays,  and  controls.  Kogi  expresseil  a keen  interest  in  lluclualion  ol  vigilance.  Me  has 
recorded  eye  movements  and  finds  that  the  orientation  to  the  task  is  less  than  two  minutes. 
I hey  are  studying  under  which  coiulitions  and  m which  situations  vigilance  tends  to  waver. 
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At  tlic  tune  ol  my  visit,  tlie  Oeciipational  Diseases  Researeh  laihoratory  was  uiulergoinf; 
renovation  ami  eouki  not  he  entereJ.  I'tieir  priinarv'  (iinetion  is  to  accumulate  information 
for  measurinj’  the  elTects  of  lia/anlous  conditions,  the  development  of  early  iliainiostic 
tecliniqiies,  and  tlie  study  of  occupational  iliseases  in  general.  They  are  also  concerned  with 
maintaining  the  physical  fitness  of  employees  aiul  were  about  to  embark  upon  a new 
program  to  study  the  effects  of  a new  magnetic  system,  planned  for  the  future,  which  will 
drive  the  trains  at  very  high  speeds.  There  is  an  urgent  need  to  determine  what  effect  if  any, 
this  system  might  have  on  human  tissue. 

A stop  at  the  Human  i ngineering  Research  l.aboratory  allowed  me  to  fulfill  one  of  the 
dreams  of  any  red-blooded  American  boy,  to  drive  a high-speed  locomotive.  Once  inside  the 
cab.  with  side  curtains  drawn,  the  effect  was  highly  realistic  and  one  soon  forgot  that  it  was 
only  a simulator,  going  no  place  fast.  It  was  of  special  interest  because  of  my  background  in 
aircraft  simulators.  There  is  an  instructor’s  console  which  allows  for  a ilynamic  interaction 
between  the  instructor  and  the  trainee.  The  train  movement  is  very  realistic  with  vibration 
and  slight  jerking  of  slowing  and  acceleration.  Sound  effects  are  excellent,  one  even  hears  the 
“whooshing”  soumis  of  the  stations  Oying  past.  The  visual  scenery  display  is  also  very  good 
and  is  geared  to  speed  to  make  a very  natural  panorama.  One  is  impresseii  by  the  complexity 
of  controlling  the  train;  it  has  always  appeared  to  he  such  a simple  process.  I was  also  given  a 
demonstration  of  the  latest  ilevelopment  in  automatic  ticket  purchasing  machines.  It  is  a 
fantastic  device  that  allows  the  purchaser  to  select  anything  he  needs  for  himself  and  several 
traveling  companions  by  pushing  a few  buttons  and  inserting  money  into  a slot.  It  should 
eliminate  thousands  of  jobs,  and  if  the  railroad  unions  have  anything  to  say  about  it,  you 
will  never  see  it  installed  in  the  Ihtited  States.  Next  I was  shown  the  data  of  eye  camera 
recordings  of  train  motormen  in  which  the  eye  movements  were  analyzed  for  the  purposes  of 
improving  the  display  systems.  One  interesting  component  was  a com(iarison  of  the  eye 
movements  recorded  on  an  actual  run  and  those  taken  in  the  simulator,  the  eye  movement 
patterns  being  about  the  same. 

At  the  time  of  my  visit,  the  Psychological  Research  l.aboratory  was  conducting 
experimentation  to  select  optimum  color  combinations  for  railroad  marking  displays.  They 
were  showing  variously  coloreil  automobiles  in  a device  which  allowed  very  slight  changes  in 
the  combinations  to  rmd  the  most  acceptable  shadings.  Other  work  being  carried  out  in  this 
laboratory  includes  doing  case  studies  of  accidents  and  studying  accident-(irone  employees, 
work  satisfaction,  and  the  acceptability  of  environmental  factors.  There  is  also  a Social 
Psychology  Laboratory  which  looks  into  job  supervision,  training  for  accident  prevention, 
and  effective  train  scheduling.  Tliey  also  administer  a variety  of  questionnaires  to  passengers 
and  workers  and  conduct  attitiule  surveys  aiul  opinion  polls. 

Kogi  talked  about  some  of  the  research  in  which  he  aiul  his  colleagues  have  recently 
been  engaged.  In  a study  of  “Monotony  i'ffects  of  the  Work  of  Motormen  During 
High-Speed  Train  Operation,”  they  attempteil  to  look  at  the  physiological  aspects  »>f  the  task 
of  driving  a locomotive  by  comparing  data  from  l‘)65,  D)bh,  and  D)72  of  the  workload  of 
motormen  operating  trains  with  top  speeds  of  210  km  per  hour.  During  the  year  of  l‘)b.‘>  the 
top  speed  of  a 515  km  section  was  4 hours,  and  this  was  lowered  in  D)6b  to  .7  hours  10 
minutes.  F-or  1965  the  mean  heart  rate  was  maintained  around  SO  beats  per  minute  but  Rir 
the  later  periods  (1966  anil  1972)  the  rate  gradually  declined.  Constant  high  speed  operations 
in  1966  seemed  to  stimulate  cerebral  activities,  whereas  liy  1972  the  drivers  showed 
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ilccrcasitij;  perceptual  arul  clioiee  reaction  capability.  In  a siibsiiliary  task,  .inuislii,  si^-n  il 
ileteetioii.  there  was  a sitMiifieant  error  rise.  Baseil  upon  polytir.iphii  reeorduiL’s.  m.t  ‘ ■ m 
l‘>72.  it  aiipeareil  that  there  oceurreil  short  periods  of  ilrt)wsitK‘ss.  .in  error  iiure.isi  .d-  ■. 
ot  controller  activities,  and  a temporary  ilrop  in  heart  rate.  Hie  tact  th.it  these  iiuii  istd 
atter  ‘>0  minutes  of  driving  leads  to  the  neeil  to  reduce  monotony,  part'  ularlv  during  periods 
of  underload. 

In  another  related  study,  they  scrutini/ed  the  data  accumulated  Irum  2KK  motormen  on 
near  acciilents.  Ot  19K  near  acciiients  on  over  2,2‘IO  trips,  34  resulted  Irom  some  level  ot 
drowsing.  This  appeared  to  be  unrelateil  to  type  of  train,  area,  delay,  weather  conditions,  or 
any  factor  about  the  drivers  themselves.  I'here  were  117  cases  related  to  unexpected 
obstacles  appearing  on  the  track  and  4’i’  resulting  from  such  things  as  poor  displays,  improper 
instructions,  and  eiiuipment  failure.  One  conclusion  was  that  under  normal  conditions  driving 
at  a constant  s|ieed  induced  drowsiness  and  this  was  relatevl  to  fatigue  and  time  of  day.  us 
7‘)%  oecurreil  between  the  hours  of  midnight  and  6 A.M.  Interestingly,  during  the  second 
night  of  the  shift,  most  drowsing  occurred  during  the  period  between  the  second  and  fourth 
hour  on  iluty.  Kogi  concludes  that  “as  monotonous  work  combined  with  insufficient  sleep 
seems  to  play  a vital  role  in  causation  of  drowsiness  in  traffic,  in  addition  to  the  innuence  of 
general  alertness  changes  by  circadian  rhythms,  it  will  be  important  to  examine  monotonous 
operation  cycles,  to  avoid  driving  at  night,  anil  to  improve  rotation  systems.”  It  appears  to 
hold  implications  for  other  tasks  as  well. 
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lOMORROVV’S  I RAINS  ARK  HKRK  TODAY,  OR  A V ISI I 
I <)  I IIK  SIIINKANSKN  C ()M  ROI- 1 KM  KR 


Morion  A.  Berlin 


I Ir-  writer  c;in  [lersonally  attest  to  the  eoml'orl  aiul  reliability  of  the  Japanese  railroad 
s\stems,  and  the  Shinkansen  is  the  elite  of  the  lot.  The  so-eallerl  bullet  trains  are  a familiar 
sight  and  experienee  to  travelers  in  lapan.  I'uturistieally  designed  in  streamlineil  eream  anil 
I'lue,  traveling  at  high  speeds,  rarely  delayed,  and  almost  always  spotless.  'rhe>  leave  Tokyo 
with  great  regularity  and  one  wonders  about  their  excellent  safety  record,  considering  the 
constancy  ol  high  speed  traffic  and  the  possibility  and  potential  lor  disastrous  human  error. 
\1.inv  of  our  ipiestions  were  answered  during  a recent  visit  accomp.mying  the  Operation 
( herrv  blossom  stuilent  winners  to  the  Control  Center. 

■Some  appropriate  statisties:  I he  entire  line  from  Tokyo  to  llakata  e.slends  1 ,()b‘)  km  in 
length,  the  List  link  having  been  completed  and  put  in  operation  in  March  of  lh75.  I'here  are 
2X  st.itions  serviced  by  two  types  of  trains,  the  llikari,  a super  express  which  stops  at  onl\' 
prim.iry  stations,  and  the  Kodama,  the  limited  express,  which  makes  all  stops,  both  trains  are 
just  about  identical,  consisting  of  1 ()  ears  each.  The  Ib.S  sets  of  trains  comprising  the 
.Shinkansen  make  275  scheduled  runs  daily.  JOta)  number  of  employees  are  some  16,000 
with  ■’0  manning  the  Control  Center.  In  1075  ap|iroximately  430.000  passengers  were  carried 
daily,  the  one  billionth  passenger  having  boarded  during  May  of  that  year.  In  a single  day. 
May  5,  I 075,  over  one  million  passengers  were  carried  over  the  system.  The  seating  capacity 
lor  the  llikaii  is  1.342,  for  the  Kodama  1,483. 

I he  Control  Center  is  the  heart  of  the  Shinkansen  system  and  the  Centrali/ed  Traffic 
Control  is  the  br.iin  of  the  Control  Center.  In  order  to  assure  the  safety  of  operation  ol  this 
complex  system  which  hurdles  hundreds  of  trains  daily  through  the  Japanese  countrxside,  an 
automatii  train  control  system  (,\ICl  was  developed  and  is  supported  by  COMTKAC.  a 
computer-aided  traffic  control  system,  which  essentially  allows  tor  centr.ili/ed,  almost 
instant. ineoiis,  long  distance  inputs  troin  the  control  to  the  vehicle.  It  is  ,i  fascinating 
experience  to  enter  this  large  room  ,md  watch  the  process  operate  in  real  lime,  re.ili/ing  th.il 
the  man  at  tin  panel  is  controlling  the  trains  which  appear  as  colored  lights  showing  precise 
location  and  movement.  Also  being  autoin.itically  controlled  are  the  lowers  which  proviue 
the  sign.ils  to  the  motormen.  t here  is  a train  recorder  which  notes  the  movement  ol  each 
Ir.iin,  ,ind  the  dispatchers  have  laid  out  before  them  the  entire  line  in  dynamic  operatiim. 
there  IS  constant  communication  between  dispatcher  and  trainman  or  conductor  with 
inlorm.ilion  ,ind  instructions  being  transmitted  back  and  forth.  Codeil  colored  lights  signal  a 
variety  ot  conditions,  abnormal  situations  resulting  in  immediate  re.iction  from  the  con- 
trollers. 

1 he  Hams  oper.ite  at  three  variable  speeds  ol  210,  160,  or  30  km  per  hour,  depeiuling 
upon  conditions.  Controls  will  reduce  or  increase  speeds  depeiuling  upon  the  ilislance 
iK'lween  the  trams.  The  motorman  has  some  control  and  can  reduce  speeil  manually,  but  it 
one  Ir.im  appro.iches  too  closely  to  another,  it  will  automatically  be  slowed  i>r  brought  to  a 
slop.  As  the  tram  approaches  a station  the  speed  is  automatically  slowed  to  the  30  krn  speed 
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luTi.-Lipon  till'  motomuin  tiikcs  over,  applying  the  brakes  to  bring  tlie  train  to  a halt.  I aeh 
tr.nn  e.irries  two  men  in  the  eab.  persumably  an  aiKlitional  fail  sale  system.  In  the  event  of 
.m  earth  tremoi.  the  intensity  will  be  recordeil  on  seismometers  set  all  along  the  line. 
Reailmgs  ol  any  tremor  of  an  intensity  above  three  on  the  .lapan  scale  will  aulomatieally  cut 
oil  power  to  the  .irea  until  inspection  teams  have  hail  the  opportimitv  of  inspecting  the  track 
tor  possil'le  il.image. 

Ihe  ilispatihers  w.iiching  the  entire  line  also  receive  information  on  tlie  eoiulition  of  the 
track,  ,mil  where  it  is  consiilereil  less  than  optimum,  the  speed  is  automatically  reduced  Ironi 
the  control  .is  the  train  passes  over  that  stretch.  The  motorman  is  contacted  and  informed 
why  the  controls  were  applied.  Wind  velocity  is  also  taken  into  consideration.  particularl> 
when  the  tram  is  on  a bridge  or  in  an  area  where  high  winds  might  pose  some  threat.  Under 
such  conditions,  when  the  wind  reaches  ,i  speed  ol  .^0  meters  per  second,  the  train  is 
immediately  brought  to  a halt  from  the  Control  ('enter,  l.evels  of  water  rising  in  tunnels  are 
also  autoni.itically  measured  to  warn  of  impending  danger.  In  the  event  of  an  extremely 
alMiormal  situation  or  if  the  computer  should  malfunction,  the  system  can  be  controlled 
manually. 

The  group  had  the  benefit  of  a thorough  briefing  by  the  Chief  Dispatcher,  who 
explained  the  total  operation,  toucliing  upon  what  appeared  to  be  the  imiiortant  details. 
ImmediateK  after  the  tour  of  the  Center,  the  students  and  their  escorts  left  by  Shinkansen 
for  Kyoto,  undoubtedly  with  a greater  understanding  and  appreciation  of  their  transport 
system  than  most  of  the  other  passengers. 
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Morion  A.  Berlin 


Keporteil  lo  Ikivc  the  hirgesl  stiidenl  cnrolliiuMil  of  ;iny  university  in  Jnp.in,  Nihon 
;ippe;irs  to  bo  ent>;igeil  in  an  on-eoing  expansion  proy’ram,  with  binidiniis  in  various  stasies  of 
eonstnietion  seattered  around  the  eampiis.  The  Department  ol  I’syeholotiy  lias  the  distinetion 
of  heinu  tite  oldest  of  any  private  university  in  the  eountry  and  is  eelebratini:  its  52nd  year. 
My  liost  for  this  visit  was  Masaaki  Asai.  ('hairman  of  the  Department,  about  to  leave  on  a 
sablxitieal  for  researeli  in  United  Kinitdom.  It  was  arraiiiied  for  me  to  meet  iiuliviilually  with 
several  ol  the  t'aeulty.  to  talk  about  their  research  interests. 

Masao  Omura  is  primarily  concerned  with  the  study  ok  anxiety  and  the  standardization 
of  personality  tests.  One  test  which  he  has  used  extensively  is  the  Manil'est  Anxiety  .Scale, 
which  he  has  been  attempting  to  standardize  usine  lapanese  students  and  defense  cadets. 
I our  years  aito.  while  on  a sabbatical  in  the  Uniteil  States,  he  administereii  the  scale  to 
.American  students  and  founti  sijniificant  differences  between  them  and  the  Japanese  sam|de. 

Koliei  Ando  is  said  to  be  one  ol'  the  leadint:  exiH'rts  in  measurement  evaluation  and 
psychological  testing.  A more  recent  interest  is  in  the  psychology  of  aging.  At  present,  he 
and  two  of  his  associates.  Ken  Okamoto  and  Tailafumi  Seki.  are  studying  achievement  of 
.l.ipanese  stuilents.  There  are  about  30  high  schools  atl.iched  to  the  university  and  the 
students  ol  these  schools  are  testeil  periodic.illy  in  the  hopes  of  developing  ,i  procetlure  for 
predicting  successful  performance  in  the  tmiversity.  This  is  an  ambitious  longitudinal  study 
which  also  scrutinizes  other  information  about  the  students  over  the  entile  sp.m  of  high 
school,  inchuling  scholastic  records  and  teacher  evaluations.  The  program  is  in  its  sixth  year 
aiul  Its  ultimate  aim  is  to  be  able  to  eliminate  the  so  called  “ex.imination  hell"  which 
conironts  most  students  seeking  admission  to  the  schools  ol  higher  educ.ition.  The 
examinations  are  in  Japanese  language.  I nglish,  and  mathematics.  Data  from  about  25 
thousand  students  are  processed  through  the  computer  yearly  to  tease  out  any  sienificaiit 
factors,  lo  this  point  they  have  determined  that  these  achievement  tests  .md  the  high  school 
reconls  both  correlate  highly  with  the  entrance  examinations. 

Masaaki  Asai.  in  addition  to  being  ( hairman  ol  the  deparinienl.  is  also  Vice  Director  ot  the 
( ompiiter  Center  aiul  has  the  responsibility  lor  leaching  experimental  psychology  and  statistics, 
lie  has  spent  coiisnlerable  time  in  the  United  States  aiul  has  workcel  svith  Osgood  and  Mc(iinnies 
on  various  jirojects.  A primary  interest  lies  in  cognitive  sliuclures  and  its  relationship  with  mter- 
moilal  sensory  systems.  Ills  hypothesis  is  that  one's  cognilise  structuie  has  a close  rekitionship 
with  one’s  linguistic  structure.  He  has  exleiideil  the  semantic  dil lerenlial  lo  the  ollactors  and 
visual  systems  and  louiid  the  existence  ol  a group  of  lactors  common  to  different  sensory  mod- 
alities Ills  interpretation  is  that  there  is  a relationship  across  modalities  to  some  deeply  rooted 
linguistic  structure. 

A more  recent  interest  is  in  traffic  prevention  aiul  he  is  .in  .ictive  member  of  the 
Inlernational  Organization  of  .Safely  and  Ir.iflic  Sciences.  In  .iddition  lo  developing  measures 
of  driver  competence,  he  is  establishing  an  informalion  retriev.il  system  accumul.iling  d.it.i  on 
vilely  and  traffic,  collating  all  data  emerging  from  the  studies  under  org.iniz.ition.il  support. 


77 


He  has  responsibility  tor  tlie  Japanese  sources.  He  would  like  to  see  this  expanded  on  a 
greater  international  scale  and  he  is  involved  in  some  cross-cultural  studies  of  safety  and 
traffic  research.  Asai  maintains  a general  interest  in  aviation  psychology  and  has  had  the 
opportunity  of  riding  several  versions  of  defense  aircraft.  In  his  earlier  days  he  worked  on 
scat  configuration  and  panel  displays. 

.Seiichi  Hanazawa  works  in  a rather  unique  field,  that  of  maternity  psychology.  This  was 
my  first  exposure  to  this  particular  area  of  research.  In  any  event,  Hanazawa  is  concerned 
with  the  attitudes  and  experiences  of  pregnant  women  and  the  relationship  of  these  to  the 
newborn  child;  he  calls  it  the  psychology  of  motherhood,  and  it  includes  the  study  of  the 
psychological  changes  that  occur  when  a woman  becomes  a mother.  To  date  he  has  found 
that  either  higli  or  low  anxiety  mothers  correlate  low  with  affective  cjuality  while  the  middle 
group  correlates  high.  Thus,  he  concludes  that  the  so  called  “painless”  birth  presages  some 
hazards  for  the  mother's  feeling  for  the  child  and  that  child  rearing  will  pose  problems.  He 
feels  that  some  degree  of  anxiety  is  beneficial  for  the  future  mother-child  relationship,  a 
hypothesis  he  is  now  attempting  to  test. 

Kiyoshi  Yamaoka  is  a physiological  psychologist  whose  primary  research  has  undertaken 
to  develop  relaticnships  between  T.FG  and  a variety  of  factors.  Over  the  years  he  has  used 
the  HECi  to  study  such  areas  as  visual  image  (wiiich  he  calls  an  inquiry  into  the  color  sense 
process),  the  hypnotic  state,  visual  perception,  Yoga  meditation,  reaction  time,  phono-stimuli, 
mental  imagery,  and  a host  of  others.  He  has  even  studied  EEC  changes  under  the  effect  of 
“choking,”  a trick  used  in  Judo  to  render  one’s  opponent  unconscious  by  oppression  of  the 
carotid  artery'.  Eor  subjects,  he  was  able  to  somehow  convince  three  naive  (untrained) 
students  to  go  up  against  six  rank-hokiing  Judo  wrestlers.  It  appears  that  with  the  lo.ss  of 
consciousness  theta  waves  predominated  with  diffused  high  voltage  delta  bursts  appearing 
periodically.  With  recovery  of  consciousness  slow  voltage  alpha  waves  appeared  irregularly.  In 
general,  the  naive  students  exhibited  the  same  patterns  as  the  experts,  though  there  were 
individual  differences  for  both  groups. 

A brief  courtesy  call  was  paid  on  Shotaro  Tsumakura,  a psychologist  who  has  moved  up 
to  be  Dean  of  the  College  of  Arts  and  Sciences.  He  would  like  to  institute  a cooperative 
program  with  several  American  universities  for  the  purpose  of  exchanging  students,  doing 
joint  research,  possibly  interchanging  faculty  for  brief  periods,  in  fact  any  areas  where  a joint 
effort  might  enhance  the  operation  of  all  concerned.  This  will  be  explored  more  fully  at  a 
later  date. 
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I HK  INDO-KLROPKAN  IMPACT  ON  JAPANESK  MYTHOLOGY 
A REVIEW  OF  SOME  RECENT  RESEARCH 


C.  ScoU  Eitlleton 


Until  rc'centlyv  any  suggestion  tliat  the  ancient  Incio-Kiiropean  speaking  mythological 
tradition  might  have  had  an  impact  on  Japanese  mythology  would  have  been  rejected  out  of 
hand  by  most  anthropologists,  folklorists,  and  historians.  Indeed,  the  profound  linguistic  and 
historical  differences  between  Japan  and  the  Indo-European  speaking  West  have  heretofore 
precluded  any  serious  challenge  to  the  generally  held  assumption  (e.g.,  Sansoni  1967:26)  that 
there  was  no  connection  whatsoever  between  the  two  traditions  until  relatively  modern 
times,  that  is,  until  the  arrival  of  the  Dutch  and  Portugese  in  the  16th  century  A.D. 

To  be  sure,  the  fact  that  certain  important  Japanese  myths,  such  as  Inzanagi’s  tlescent 
to  the  underworld  in  a vain  attempt  to  rescue  his  consort  Inzanamil  and  the  Sun  Goddess 
Amaterasu’s  famous  sojourn  in  the  cave  of  darkness,  which  caused  the  crops  to  wither  and 
ilie,“  broadly  resemble  the  ancient  Greek  traditions  surrounding,  respectively,  Orpheus  and 
Persephone  has  occasionally  been  noted  (e.g.,  Saunders  1961:420,  Sioris  1970,  Yoshida 
1973).  But  similar  stories  can  also  be  found  in  a number  of  otherwise  unrelated  traditions  in 
North  America  (cf.  Hultkranz  1957)  and  Oceania  (cf.  Dixon  1964:73-74),  and  most  scholars 
who  have  considered  the  matter  (e.g.,  Sansoin,  op.  cit.)  have  concluded  that  these 
resemblances  are  the  result  either  of  pure  chance  or  some  widespreail  (if  not  universal) 
isomorphism  among  the  world’s  mythmakers.-^ 

However,  thanks  to  some  recent  advances  in  the  science  of  comparative  mythology, 
both  in  the  West  and  in  Japan,  it  has  lately  become  apinirent  that  this  assumption  is 
incorrect  and  that  an  historical  relationship  of  some  sort  must  have  occurred  at  some  distant 
point  in  the  past.  Eor  it  is  now  clear  that  an  important  structural  component  of  Japatiese 
mythology,  especially  as  expressed  in  the  most  ancient  texts,  the  Kojiki  (712  A.D.)*^  and  the 
\ilitinshoki  (720  A.D.),-*'  is  remarkably  similar  to  the  structure  that  pervades  the  myths  and 
epics  of  the  most  ancient  liulo-lairopean  speaking  peoples,  that  is,  the  Greeks,  Romans, 
,Scatnlinavians,  Celts,  Iranians,  Indians,  Slavs,  etc.  In  ouler  to  appreciate  the  full  significance 
of  this  iliscovery,  credit  for  which  must  go  to  Professor  Atsuhiko  \'oshida,6  of  Seikei 
University,  Tokyo,  M is  necessary  to  review  very  hrielJy  the  salient  features  of  tl’,e  common 
Indo-European  mythological  structure,  as  it  is  currently  understood, 

TUI  NEW  COMPARATIVE  MYTHOLOfiY 

The  major  breakthrough  here  was  made  some  forty-odd  years  ago  by  the  eminent 
Trench  scholar  Georges  Dumezil,  the  founding  lather  of  what  has  sitice  come  to  be  known  as 
“the  new  coni(nirative  mythology”  (cf,  I ittleton  1973),  In  a brilliant  series  of  books  and 
articles  Dumezil^  has  conclusively  demonstrated  that  the  liulo-Turopean  mythology  was 
structureil  in  terms  of  three  fundamental  iileological  principles:  (I)  sovereignty,  (2)  the 
exercise  of  physical  jirowess,  ami  (3)  the  maintenance  of  physical  well-being.  Expressed  in  a 
wide  variety  of  mythological  and  social  contexts,  these  three  principles,  or  “functions,"  as 
Dume/il  terms  them,  served  as  the  framework  in  terms  of  which  the  several  ancient 
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Imio-l'uropean  speaking  communities  categorized  their  divinities.  Tluis,  from  ancient  India 
to  Scamlinavia.  one  finds  triads  of  gods  (or  sets  of  gods),  eacli  of  wliich  represents  one  of  the 
three  principles.  For  example,  in  Vedic  India  the  closely  associated  divine  sovereigns  Varuna 
and  Mitra  rellected,  respectively,  the  cosmic  and  social  aspects  of  overlordship,  of  ultimate 
order,  or  ria,  as  it  is  called  in  Sanskrit;  the  great  war  god  Indra  personified  the  exercise  of 
physical  prowess,  while  the  twin  Ashvina,  or  “Divine  Horsemen,”  together  with  the  goddess 
Sarasvati,  reflected  the  “third  function,”  that  is,  the  sum  of  the  processes  whereby  a 
community  nourishes  itself,  grows  wealthy,  and  is  prepetuated  from  generation  to  generation. 
In  ancient  Scandinavia  the  “first  function”  was  represented  by  the  sovereign  gods  Odin  and 
Tyr,  the  “second  function”  by  the  warlike  thunderbolt-hurler  Thor,  and  the  “third  function” 
by  the  nistic  Vanir  divinities  Njordr  and  Freyr,  plus  the  latter’s  sister  Freya;  at  Rome  the 
principle  of  sovereignty  was  personified  by  the  single  divinity  Jupiter,  physical  prowess  was 
incarnated  in  Mars,  and  the  ideas  of  physical  well-being,  fertility,  etc.,  were  represented  by 
the  agricultural  deity  Oidrinus.  In  short,  although  they  differed  from  one  another  in  a gre,.t 
many  details,  these  three  mythological  traditions,  the  Indian,  the  Scandinavian,  and  the 
Roman,  shared  a common  ideological  heritage,  one  that  permeated  their  respective  world- 
views. The  same  basic  structure  can  be  discovered  in  the  Celtic,  Iranian,  Greek,  and  almost 
every  other  ancient  Indo-Furopean  speaking  tradition. 

In  addition  to  this  tripartite  hierarchy  of  gods,  the  ancient  Indo-Furopeans  also  shared  a 
number  of  specific  motifs  and  narrative  themes.  One  of  these  concerns  a primeval  combat 
between  two  classes  of  gods  and 'or  heroes,  one  of  whiel)  represents  the  first  iwo 
“functions,”  that  is,  cosmic  and  social  sovereignty  and  physical  prowess,  and  the  oth>"r 
reOects  the  “third  function”  and  a concomitant  concern  with  wealth,  sex,  and  agricultural 
abundance.  The  end  result  of  this  contlict  is  the  defeat  of  the  “third  function”  figures  and 
their  incorporation  into  a single  albeit  functionaliv  ilitterentiated  pantheon.  The  best 
examples  here  are  the  pseudo-historical  Sabine  W.ir.  m which  the  Romans,  led  by  their 
primeval  king  Romulus  (here  a transposition  of  the  god  Jupiter),  defeated  (he  wealthy  and 
luxury-loving  Sabines  after  stealing  their  wives,  and  the  more  clearly  mythological  Norse  (i.e., 
ancient  Scamlinavian)  account  of  a war  between  two  families  of  gods,  the  .Aesir  (that  is, 
Odin,  Tyr,  and  Thor)  and  the  Vanir  (Njordr,  Freyr,  et  ah),  in  which  the  latter  were  defeated 
and  subseciuently  incorporated  into  the  pantheon.  .Another,  less  certain  example  of  this  “war 
between  the  functions”  theme  can  be  found  in  the  JliaJ,  wherein  the  Greeks  seem  to  reflect 
the  first  two  “functions”  and  the  Trojans  the  “third  function”  (cf.  Fittleton  1R70). 

SOMF  JAPANFSF  PARAFLFFS 

It  is  now  clear  that  many  of  the  major  figures  and  events  of  Jap.mese  mythology  can  be 
analyzed  in  terms  of  the  satne  ideological  structure.  As  Professor  Yoshida,  who  studied  with 
Dumezil  in  Paris  for  nine  years,  now  sees  it  (cf.  Yoshida  H)74.  etc.),  the  great  solar  goddess 
Amaterasu,  the  ilivine  sovereign  par  excellence,  together  with  the  divinities  Takamimsubi  and 
Kamimusubi,  retlects  the  “first  function”;  her  brother  Susanowo,  whose  most  striking  traits 
are  enormous  strength  and  ability  as  a warrior,  retlects  the  “second  function,”  and  the  great 
agricultural  divinity  Okuninushi,  son  of  Susanowo,  as  well  as  the  two  princes  of  Oke,  among 
others,  are  retlections  of  the  “third  function.”  Indeed,  the  parallels  between  the  latter  pair 
ami  the  widespread  Indo  Furopean  traditions  relating  to  the  Divine  Twins  (the  .Ashvina,  etc.) 
arc  particularly  impressive.  I. ike  their  Indo-liuropean  counterparts,  the  two  Princes  are 


80 


priiKipally  concerned  witli  tlie  promotion  of  agriculture,  and  their  reigns  are  notable  as  eras 
when  peace  and  prosperity  were  universal. 


Moreover,  the  theme  of  a coiiHict  (or  at  least  an  amalgamation)  between  two  sets  of 
divinities  can  be  discerned  in  the  Japanese  texts,  one  that  seems  to  parallel  the  “war  between 
the  functions”  theme  just  mentioned.  1 refer  here  to  the  widespread  assumption  on  the  part 
of  Japanese  scholars  (e.g.,  Takagi  1^25)  that  the  traditions  preserved  in  the  Kojiki  and  the 
\ihonshoki  are  the  result  of  an  amalgamation  of  two  distinct  mythological  traditions:  that  of 
lakamagahara  and  that  of  Izumo.  Just  as  earlier  Indo-Europeanists  held  that  the  Scandina- 
vian account  of  the  war  between  the  Aesir  and  the  Vanir  retJected  the  superimposition  of  the 
(icrmanic  speaking  (i.e.,  Indo-luiropean)  tribes  upon  the  indigenous  inhabitants  of  Northern 
liuropc,  so  it  has  long  been  suggested  that  these  two  strands  in  Japanese  mythology  reflect 
the  fusion  of  an  indigenous  tradition  (Izumo)  with  an  intrusive  on  (Takamaghara).  But  Just  as 
Dume/dl  was  able  to  demonstrate  that  the  Scandinavian  conflict  myth  was  not  the  product  of 
a unii|ue  set  of  historical  circumstances,  but  rather  a version  of  a common  Indo-European 
theme,  so  it  is  now  possible  to  suggest  that  the  two  apparently  distinct  Japanese  traditions 
arc  in  fact  !nit  aspects  of  a siitf’lc  ideology,  one  introduced  by  the  intruders  (see  below). 

l or  example  . the  Izumo  version  consistently  emphasizes  agriculture  and  related  pursuits 
(that  is,  “third  function”  characteristics),  while  the  Takamagahara  version  emphasizes  force 
and  the  achievement  of  sovereignty.  Thus,  in  the  Izumo  myths  about  Susanowo  his  warlike 
traits  are  typically  subordinated  to  Ids  otherwise  peripheral  achievements  as  far  as  agriculture 
is  concerned,  such  as  having  generated  a number  of  species  of  fruit  trees.  The  same  thing  can 
be  said  for  the  other  major  divinities:  the  Takamagahara  version  stresses  their  "first"  and 
“second  function”  itaits;  the  Izumo  version  stresses  their  "third  function”  traits. 

fo  be  sure,  the  pattern  here  is  by  no  means  as  clear-cut  as  the  one  to  be  found  in  the 
Inilo-l.uropean  conflict  myths  previously  cited.  Yet  the  same  basic  elements  arc  present  in 
both  traditions:  two  apparently  distinct  communities,  one  emphasizing  overall  sovereignty 
and  the  exercise  of  physical  prowess  (Romulus’  Romans,  the  Aesir,  Takamagahara)  and  the 
other  focusing  on  agricultural  activities  (the  Sabines,  the  Vanir,  Izumo),  amalgamate  and 
form  a single  community. 

Yet  another  Indo-l:uro|iean  theme  heretofore  unmentioneil  that  is  retlecteil  in  Japa- 
nese myth  concerns  the  ambivalent  ami  unpredictable  character  of  the  warrior  figure.  Just  as 
Indra  and  his  “second  function”  counterparts  throughout  the  Indo-European  speaking 
ilomain  commit  a series  of  “sins”  against  the  sovereign  cmler  of  things  (cf.  Dumezil  ld70M, 
so  Susanowo  deties  his  sister  (Amaterasu)  and  is  as  recalcitrant  and  as  violence  prone  as  any 
Indo-l  uropeaii  warrior,  divine  or  heroic. 

In  short,  it  is  iu)w  possilfle  to  suggest  on  structural  grounds  alone  that  theie  is  indeeil  a 
very  ancient  connection  tietween  the  liulo-l  iiropcan  and  Japanese  traditions,  one  that  dates 
back  at  least  to  the  tieginning  of  the  eighth  century  A. I),  amt  most  likely  a great  deal  earlier. 
Am!  if  we  add  to  what  has  just  been  ctiscusseil  the  resemblances  between  isolated  motifs  in 
(ireek  and  Japanese  mythology  mentioneil  at  the  outset,  the  prolxilhlity  of  such  a connection 
liecomes  almost  certain. 
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Tlie  exact  date  and  nature  of  this  connection  are  still  not  wliolly  clear,  Although 
Professor  Yoshida  and  his  co-workers,  among  them  lYofessor  Taryo  Obayashi,  of  Tokyo 
University,  are  now  fairly  certain  that  it  began  shortly  after  the  beginning  of  the  Christian 
era  (that  is,  in  the  centuries  immediately  preceeding  the  rise  of  the  Yamato  clan)  and 
involved  a diffusion  specifically  from  the  Indo-lranian  speaking  nomadic  communities  of  the 
steppes  of  what  is  now  South  Russia  (that  is,  from  the  Scyths.  Sarmatians,  and  other  related 
steppe  tribes).  The  intermediaries  in  this  transmission  process  seem  to  have  been  the  several 
Altaic  or  Turkic-speaking  tribes  then  pushing  westwar'.i  from  their  homeland  in  Hast  Central 
Asia.  These  Altaic  speakers,  having  picked  up  the  tripartite  ideology  from  their  western 
neighbors,  eventually  diffused  it  eastward  to  Japan  via  Korea  (where  it  also  seems  to  have 
left  its  mark  on  the  local  tradition).  Indeed,  it  now  ajipears  that  the  ancestors  of  the  Yamato 
may  well  have  been  Altaic  speakers  aiui  that  the  uniciue  character  of  the  Japanese  language 
reHects  a syntiiesis  between  an  Altaic  dialect  (e.g.,  Japanese  kuroi.  Turkish  kara,  both  of 
which  may  be  translated  by  the  Hnglish  word  “black”)  and  an  indigenous  language.  Thus,  the 
“war  between  the  functions”  theme  would  have  received  substantial  support  from  actual 
historical  circumstances  ami  may  have  served  to  “explain”  the  formation  of  a single  Japanese 
nation  in  the  centuries  prior  to  the  compilation  of  the  earliest  chronicles. 

It  should,  of  course,  be  emphasized  that  in  the  context  of  this  necessarily  brief  article  it 
is  impossible  to  do  more  than  scratch  the  surface,  as  it  were,  of  what  is  indeed  a most 
complex  research  problem.  Nevertheless,  thanks  to  Professor  Yoshida’s  judicious  application 
of  “the  new  comparative  mythology,”  it  is  now  apparent  that  the  Western  impact  on  Japan, 
if  not  vice  versa,  began  almost  1,500  years  before  the  arrival  of  the  Dutch  and  Portugese 
and  approximately  two  millennia  before  Perry’s  “Black  Ships”  anchored  off  Uraga  and 
inaugurated  the  current  phase  of  Indo-Huropean-Japanese  contact 

A WORD  OF  CAUTION 

Hinally,  a word  of  caution  to  those  who  might  be  tempted  to  jump  to  the  wrong 
conclusions. 

Despite  the  obvious  significance  of  this  new  discovery',  a v;;si  gulf  still  separates  the 
Japanese  and  Indo-Huropean  mythological  trailitions.  Indeed,  tlv’  differences  between  these 
traditions,  both  in  structure  and  in  content,  far  outnumber  the  similarities,  and  as  Professor 
Shigeichi  Kure.  a leading  Japanese  Hellenist,  has  observed.  “An  apparent  likeness  is  sometimes 
misleading”  (ciuoteil  by  .Sioris  U)70:5).  Moreover,  the  Japanese  people  are  not  Indo-Huropean 
speakers,  nor  are  they  the  descendants  thereof,  and  the  impact  of  the  Indo-l  iiroiK'an 
ideology  was.  as  we  have  seen,  at  best  indirect. 

Yet  the  very  fact  of  its  presence  at  such  an  early  date  in  Japanese  history  somehow 
makes  that  gulf  seem  less  vast.  And  as  my  colleagues  pursue  their  research,  we  may 
eventually  come  to  the  conclusion  that  we  are  luit  (jiiite  as  fundamentally  different  from  one 
another  at  least  when  it  comes  to  our  respective  mythologies  as  it  has  heretofore  seemed. 

NOTI.S 

1 In/.anagi  and  Inzanami  are  the  jirimeval  couple  of  Jap.inese  mythology.  According 
to  the  Kojiki  and  the  S'ihonshoki  (see  below),  after  gi\ing  birth  to  the  l-'ire  (lod.  In/anami's 
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private  parts  were  so  burned  that  slie  became  ill  and  died.  Still  in  love  with  his  sister-wife. 
Inzanagi  resolved  to  bring  her  back  from  the  land  of  the  dead,  but  Inzanami  had  eaten  the 
food  of  the  dead  and  was  beyond  rescue.  Moreover,  she  was  so  disfigured  by  her  ordeal  that 
she  forbade  her  brother  to  look  upon  her,  and  when  he  attempted  to  do  so,  she  caused  him 
to  be  driven  back  to  the  land  of  the  living. 

Inzanagi  and  Inzanami  were  the  progenitors,  directly  or  indirectly,  of  almost  all  of  the 
major  Japanese  divinties. 

2 Born  from  Inzanagi’s  left  eye,  Amaterasu  is  by  far  the  most  important  of  the 
primary  Japanese  divinities.  Defied  by  her  brother  Susanowo  (who  was  bom  from  Inzanagi’s 
nose),  she  decided  to  withdraw  from  the  world  and  took  up  residence  in  a cave.  When  she 
di  so  the  sunlight  disappeared,  and  the  normal  agricultural  cycle  was  profoundly  disturbed. 
She  was  eventually  enticed  to  come  out  of  her  cave  by  the  laughter  that  greeted  a lewd 
dance  by  the  goddess  Ama  no  Uzume.  Upon  her  reappearance,  the  regular  alternation  of  day 
and  night  resumed,  and  the  land  became  fertile  once  again. 

3 Or,  in  the  words  of  Michael  Grant  (1962:83,104),  all  major  myths  may  be  but  “.  . 
. dialects  of  a single  language  . . . the  Magna  Carta  of  our  universe.”  A similar  argument  has 
been  aiivanced  by  the  eminent  l-'rench  anthropologist  Claude  Levi-Strauss  (e.g.,  1965,  1966). 
who  asserts  that  all  myths  share  a common  “deep  structure,”  one  predicated  on  the  dialectic 
resolution  of  otherwise  inherent  contradictions,  such  as  that  between  “life”  (e.g.,  Orpheus/ 
In/.magi.  Persephone  restoreil  to  Demeter/Amaterasu  out  of  the  cave)  and  “death”  (eg., 
I uridise  Inzanami;  Persephone  in  I lades/ Amaterasu  in  the  cave). 

It  would  be  impossible  here  to  assess  all  the  pros  and  cons  of  the  position  espoused  by 
( it.int.  I evi-Strauss,  et  al.,  save  to  say  that  even  if  a utiiversal  “deep  structure”  or  “language” 
IS  m la«.t  present  in  the  world's  myths,  its  presence  would  not  preclude  the  possibility  of 
Isolating  .It  a more  “surface  level,”  perhaps -specific  historical  relationshiiis  of  the  sort  we 
.ire  Loncerned  with  in  this  paper. 

4 l.e..  "Records  of  Ancient  Matters.”  I'he  Kojiki  is  the  oldest  Japanese  book  and  was 
ordered  complied  by  the  l inperor  Temmu  (637-686  A. I).).  The  translation  used  in  this 
article  is  by  Basil  Chamberlain  (1906). 

5 l.e.,  “Chronicles  of  Japan”  (sometimes  called  the  Sihon^i).  Covering  much  the 
same  ground  as  the  Kojiki,  the  Sihonshoki  is  more  chronological  in  organization  and  betrays  a 
much  heavier  Chinese  infiuence  in  its  style,  etc.  The  translation  used  here  is  by  W.  (!.  Aston 
(1972). 


6 Professor  Yoshida’s  most  recent  book,  as  yet  untranslated  into  a Ifiiropean 

language,  is  Nihon  shinwci  to  Indo  Shinwa  (1974).  It  is  the  source  of  most  of  the  ideas 

discusseil  in  this  paper.  I.arlier  articles  by  him  which  bear  on  the  subject  at  hand  are  listed  in 

"References  Cited”  (Yoshida  1961,  1962,  1963,  1965,  1973).  I would  like  to  thank 

Professor  Yoshida  for  his  extremely  helpful  comments  and  suggestions  on  an  earlier  draft  of 
this  article. 
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7 It  would  be  impossible  het^  to  list  all  of  Professor  Dumezil’s  major  works.  Perhaps 
the  most  suceinct  overview  of  his  thesis  as  yet  little  known  in  the  United  States,  despite  the 
recent  appearance  of  some  linglish  translations  is  sX\\\  L'Uleolof^ic  tripartic  dcs  Indo-Eiiropeens 
(1958).  Other  major  works  by  him,  as  well  as  the  translations  just  mentioned,  are  listed  in 
“References  Cited”  (Dumezil  1941.  1952.  197()t/,  1970h,  1974).  Fora  comprehensive  review 
and  analysis  of  his  contribution  to  comparative  mythology,  togetln  with  a complete 
bibliography  (to  1972).  see  Littleton  1973). 

8 However,  in  an  article  now  in  preparation  for  publication  Professor  Yoshida 
convincingly  argues  that  the  “war  between  the  functions”  theme  can  also  be  seen  in  the 
contlict  between  the  heavenly  divinities,  led  by  Amaterasu  and  Takamimsubi,  and  the  earthly 
ones  led  by  Okuninushi  over  the  cession  of  the  land  to  the  divine  ancestor  of  the  Tenno  clan 
(that  is.  the  Imperial  House).  Hventually,  Okuninushi  and  his  third  function  cohorts  are 
defeated,  and  the  way  is  paved  for  the  establishment  of  the  Imperial  system.  However,  once 
the  hostilities  are  over,  Okuninushi  is  restored  to  prominence  in  the  pantheon  and  indeed 
becomes  the  perpetual  protector  of  the  Lmperor  and  his  family.  As  Okuninushi  is  enshrined 
at  Izumo,  there  is  a close  connection  between  this  and  the  more  generalized  manifestation  of 
the  theme  just  discussed. 

Thus,  it  now  seems  that  the  Japanese  tradition  did  in  fact  include  a canonical  version  of 
the  “war  between  the  functions,”  one  that  more  closely  approximates  the  liuio-tiuropean 
them  just  discussed. 
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